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NOTICE. 

The Roval Society of New South Wales originated in 182J as the “ Philosophical Society 
of Australasia ; after an interval of inactivity, it was resuscitated in 1850, under the nanu^ 
of the “ Australian Philosophical Society by wdiich title it was known until 1856, w^hen the 
name was changed to the “ Philosophical Society of New South Wales ” ; in 1866, by tlie sanction 
of Her Most Gracious Majesty Queen Victoria, it assumed its present^ title, and was incorporated 
by Act of the Parliament of New South Wales in 1881. 


TO AUTHORS. 

Authors should submit their pajiers in typescript and in a condition n'udy for printing. 
All physico-chemical symbols and matliematical formula* should be so clearly written that, the 
compositor should find no ditticulty in reading the manuscriy^t. Sectional headings and tabulai 
matter should not bo underlined. Pen-illust rations accompanying papers should bo made wdtli 
black Indian ink upon smootli white Bristol board. Lettering and numbers should be such 
that, when the illustration or graph is reduced tf) 5 inches in width, the lettering w^ll be quitt* 
legible. On gi*aphs and text figures any lettering may be lightly inserted m pencil. Photo- 
micrographs should be rectangular rather than circular, to obviate too great a reduction. Tht* 
size of a full page plate in the Journal is 5 x7| inches, and the general reduction of illustrations 
to this limit should be considered by authors. When drawings, etc., are submitted in a state 
unsuitable for reproduction, the cost of the preparation of such drawings for the process- block 
maker must be borne by the author. The cost of colouring plates or maps must also be borne 
by the author. Furthi^r particulars regarding the preparation of manuscripts an* contained 
in the ‘‘ Guide to Authors.'’ which is obtainable on application to the Honorary Secretarii's 
of the Society. 


FORM OF BEQUEST. 

H bfquratti the sum of £ to the Royal Society of New^ Sot th Wales, 

Incorporated by Act of the Parliament of New' South Wales in 1881, and 1 declare that the receipt 
of the Treasurer for tlie time being of the said Corporation shall be an effectual discharge for the 
said Bequest, which I direct to bo paid within calendar months after my decease, 

without any reduction whatsoever, wdiether on account of Legacy Duty thereon or utherwdse, 
out of such part of my estate as may bo lawfully applied for that purpose. 


[Those persons who feel disposed io benefit the Royal Society of New Sovfh Wales by Legacies, 
are recommended to instruct their Solicitors to adopt the above Form of Bequest.] 
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p.r. 17 The Promenade, Cheltenham. 

Voisey, Alan Heywood, m.sc.. Lecturer in Geology and Geography, New 
England University College, Armidale. 

Vonwiller, Oscar U., b.sc., p.mst.p.. Professor of Physics in the University of 
Sydney. (President, 1930.) 

Wade, Robert Thompson, m.a., Ph.D., 2 St. John’s Court, Hunter -street, 
Parramatta. 

Walkom, Arthur Bache, d.sc., Director, Australian Museum, Sydney ; p.r. 
45 Nelson-road, Killara. (Member from 1910-1913.) 

Wardlaw, Hy. Sloane H€dcro, d.sc. Syd,, f.a.o.i., Lecturer and Demonstrator 
in Physiology in the University of Sydney. (President, 1939.) 

{Waterhouse, Gustavus Athol, D.sc., b.e., f.b.e.s., f.r.z.s., 39 Stanhope-road, 
Killara. 

Waterhouse, Leslie Vickery, b.e. Syd., Mining Engineer, Shell House, Car- 
rington-street. Box 68 CC, G.P.O., Sydney ; p.r. 4 Bertha-road, Neutral 
Bay. 

Waterhouse, Lionel Lawry, B.E. Syd., Lecturer and Demonstrator in Geology 
in the University of Sydney. 

Waterhouse, Walter L., m.c., D.sc.Agr., d.i.c., f.l.s., Reader in Agriculture, 
University of Sydney ; p.r. “ Hazelmere,” Chelmsford-avenue, Lindfield. 
(Vice-President.) (President, 1937.) 

Watson, Irvine Annstrong, Ph.D., B.sc.Agr., Assistant Lecturer, Faculty of. 
Agriculture, University of Syiiey. 

Watt, Robert Dickie, m.a., b.sc.. Professor of Agriculture in the University of 
Sydney ; p.r. 64 Wentworth-road, Vaucluse. (President, 1925.) 

Weame, Harold Wallis, 6 Collingwood-street, Drummoyne. 

Welch, Marcus Baldwin, b.sc., A.i.t;., Senior Research Officer, Forestry Com- 
mission of N.S.W., 96 Harrington-street, Sydney. 

Wellish, Edward Montague, m.a., Associate-Professor of Applied Mathematics 
in the University of Sydney ; p.r. 16 Belgium-avenue, Roseville. 

Wenholz, Harold, B.sc.Agr., Director of Plant Breeding, Department of Agri- 
culture, Sydney. 

{White, Charles Josiah, b.sc.. Lecturer in Chemistry, Teachers’ College, Uni- 
vereaty Grounds, Newtown. 

White, Douglc^ Elwood, m.sc., D.Phll., Chemistry Depcu*tment, The University, 
Melbourne. 

Wiesener, Frederick Abbey, m.b., ch.M., d.o.m.s.. Ophthalmic Surgeon, 143 
Macquarie-street, Sydney ; p.r. Jersey-road, Strathfield. 
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Bleoted. 

1920 

1940 

1935 P 1 

1940 

1935 

1936 P 1 


1906 


P 12 


1916 

1921 


Williams, Harry, a.i.o., a.a.c.i.. Frog’s Hall Cottage, Aldham, Essex, England. 
Willison, Alcun Maynard, m.sc., 3 Stanley-street, Rcmdwick. 

Wilson, Ralph Dudingston, M.sc.Agr., BiologiccJ Branch, Department of 
Agriculture, Sydney. 

Wogan, Samuel James, 34 Neich-par€kde, Burwood. 

Wolstenholme, Edmund Kay, “ Petarli,” New South Head-road, Double Bay. 
Wood, Harley Weston, m.sc., A.in8t.p., f.b.a.s.. Assistant Astronomer, Sydney 
Observatory ; p.r. 4 Ormond-street, Ashheld. 

Woolnough, Walter George, d.sc., f.g.s., “ Callabonna,” Park-avenue, Gordon. 
(President, 1926.) 

Wright, George, Company Director, c/o Farmer & Compemy Limited, Sydney ; 
p.r. “ Wanawong,” Castle Hill, N.S.W. 


Yates, Guy Carrington, Seedsman, c/o Arthur Yates & Co. Ltd., 184 Sussex- 
street, Sydney ; p.r. Boomerang-street, Turramurra. 


1939 

1914 
1931 

1915 
1912 
1915 
1922 


Honobaby Membebs. 

Limited to Twenty, 

Chapman, Frederick, a.l.s., f.r.s.n.z., f.g.s., “ Hellas,” 60 Stawell-street, 
Kew, E.4, Victoria. 

Hill, James P., d.sc., f.b.s., Professor of Zoology, University College, Gower- 
street, London, W.C.l, England. 

Lyle, Sir Thomas Ranken, k.b., c.b.e., m.a., d.sc., f.b.s., “ Lisbuoy,” Irving- 
road, Toorak, Melbourne, Victoria. 

Maitlcuid, Andrew Gibb, f.g.s., ” Bon Accord,” 28 Melville-terraoe, South 
Perth, W.A. 

Martin, Sir Charles J., c.m.g., d.sc., f.b.s., Roebuck House, Old Chesterton, 
Cambridge, England. 

Thomson, Sir Joseph J., o.m., m.a., d.sc., f.b.s., Nobel Laureate, Master of 
Trinity College, Cambridge, England. 

Wilson, James T., m.b., ch.M. Edin,j f.b.s., Professor of Anatomy in the Uni- 
versity of Cambridge ; p.r. 31 Grange -road, Cambridge, Englcuid. 


Obituary 1941-1942. 
Elected. 

1894 Richard Thomas Baker. 
1935 Leon Macintosh Ellis. 
1891 Edward George Noble. 
1918 Carl Gustaf Sundstrom. 



THE REV. W. B. CLARKE MEMORIAL FUND. 


The Rev. W. B. Clarke Memorial Fund was inaugurated at a meeting of the Royal Society 
of N.S.W. in August, 1878, soon after the death of Mr. Clarke, who for nearly forty years rendered 
distinguished service to his adopted cotmtry, Australia, and to science in general. It was resolved 
to give an opportunity to the general public to express their appreciation of the character and 
services of the Rev. W. B. Clarke as a learned colonist, a faithful minister of religion, and an 
eminent scientific man.*’ It was proposed that the memorial should take the form of lectures 
on Ceology (to be known as the Clarke Memorial Lectures), which were to be free to the public, 
and of a medal to be given from time to time for distinguished work in the Natural Sciences done 
in or on the Australian Commonwealth and its territories ; the person to whom the award is 
made may be resident in the Australian Commonwealth or its territories, or elsewhere. 

The Clarke Memorial Medal was established first, and later, as funds permitted, the Clarke 
Memorial Lectures have been given at intervals. 


CLARKE MEMORIAL LECTURES. 

Delivered. 

1906. “ The Volccmoes of Victoria,” and “ The Origin of Dolomite ” (two lectures). By 

Professor E. W. Skeats, D.Sc., F.G.S. 

1907. “ Geography of Australia in the Permo-Carboniferous Period ” (two lectures). By 

Professor T. W. E. David, B.A., F.R.S. 

“ The Geological Relations of Oceania.” By W. G. Woolnough, D.Sc. 

” Problems of the Artesian Water Supply of Australia.” By E. F. Pittman, A.R.S.M. 

” The Permo-Carboniferous Flora and Faima and their Relations.” By W. S. Dun. 

1918. “Brain Growth, Education, and Social Inefficiency.” By Professor R. J. A. Berry, 

M.D., F.R.S.E. 

1919. “ Geology at the Western Front,” By Professor T. W. E. David, C.M.G., D.S.O., F.R.S. 

1936. “The Aeroplane in the Service of Geology.” By W. G. Woolnough, D.Sc. (This 

JouBN., 1936, 70, 39.) 

1937. ” Some Problems of the Great Barrier Reef.” By Professor H. C. Richards, D.Sc. (This 

JOUBN., 1937, 71, 68.) 

1938. “ The Simpson I3esert and its Borders.” By C. T. Madigan, M.A., B.Sc., B.E., 

D.Sc. (Oxon.). (This Joubn., 1938, 71, 503.) 

1939. “Pioneers of British Geology.” By Sir John S. Flett, K.B.E., D.Sc., LL.D., F.R.S. 

(This Joubn., 1939, 73, 41.) 

1940. “The Geologist and Sub-surface Water.” By E. J. Kenny, M.Aust.I.M.M. (This 

Joubn., 1940, 74, 283.) 

1941. “The Climate of Australia in Peist Ages.” By C. A. Sussmilch, F.G.S. (This Joubn., 

1941, 75, 47.) 


AWARDS OF THE CLARKE MEDAL. 

Established in memory of 

The Revd. WILLIAM BRANWHITE CLARKE, m.a., f.b.s., f.o.s., etc. 
Vice-President from 1866 to 1878. 

The prefix indicates the decease of the recipient. 

Awarded. 

1878 *ProfeB8or Sir Richard Owen, x.c.B., f.b.b. 

1879 *George Bentham, o.m.g., f.b.s. 

1880 ♦Professor Thos. Huxley, f.b.8, 

1881 *Profe8sor F. M‘Coy, f.b.s., f.o.s. 

1882 ♦Professor James I^ight Dana, ll.p. 

1883 ♦Baron Ferdinand von Mueller, k.o.m.o., m.d., ph.u., f.b.8., F.ii.s. 

1884 ♦Alfred R. C. Selwyn, ll.d., f.b.8., f.o.s. 

1886 ♦Sir Joseph Dalton Hooker, o.m., o.c.s.i., o.b., m.d., d.o.l., ll.d., f.b.s. 

1886 ♦Professor L. G. De Koninck, m.d. 

1887 ♦Sir James Hector, K.C.M.O., m.d., f.b.s. 
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Awarded. 

1888 *R 0 V. Julian E. Teuison-Woods, f.g.s., f.l.s. 

1889 *Robert Lewis John Ellery, f.r.s., f.b.a.s. 

1890 *Gteorge Bennett, m.d., f.r.c.s. Engr., f.l.s., f.z.s. 

1891 *Captain Frederick Wollaston Hutton, f.r.s., f.g.s. 

1892 ♦Sir William Turner Thiselton Dyer, k.c.m.g., c.i.e., m.a., ll.d., sc.d., f.r.s., f.l.s. 

1893 ♦Professor Ralph Tate, f.l.s., f.g.s. 

1895 ♦Robert Logan Jack, ll.d., f.g.s., f.r.g.s. 

1895 ♦Robert Etheridge, Jnr. 

1896 ♦The Hon. Augustus Charles Gregory, c.m.g., f.r.g.s. 

1900 ♦Sir John Murray, k.o.b., ll.d., sc.d., f.r.s. 

1901 ♦Edward John Eyre. 

1902 ♦F. Manson Bailey, c.m.g., f.l.s, 

1903 ♦Alfi'ed William Howitt, d.sc., f.g.s. 

1907 ♦Professor Walter Howchiri, f.g.s.. University of Adelaide. 

1909 ♦Dr. Walter E. Roth, b.a. 

1912 ♦W. H. Twelvetrees, f.g.s. 

1914 Sir A. Smith Woodward, ll.d., f.r.s.. Keeper of Geology, British Museum (Natural 

History), London. 

1915 ♦Professor W. A. Haswell, m.a., d.sc., f.r.s. 

1917 ♦Professor Sir Edgeworth David, k.b.e., c.m.g., d.s.o., m.a., sc.d., d.sc., f.r.s., f.g.s. 

1918 ♦Leonard Rodway, c.m.g., Honorary Government Botanist, Hobart, Tasmania. 

1920 ♦Joseph Edmund Came, f.g.s. 

1921 ♦Joseph James Fletcher, m.a., b.sc. 

1922 ♦Richard Thomas Baker, The Crescent, Cheltenham. 

1923 ♦Sir W. Baldwin Spencer, k.c.m.g., m.a., d.sc., f.r.s. 

1924 ♦Joseph Henry Maiden, i.s.o., f.r.s., f.l.s., j.p. 

1925 ♦Charles Hedlcy, f.l.s. 

1927 Andrew Gibb Maitland, f.g.s., “ Bon Accord,” 28 Melville Terrace, South Perth, W.A. 

1928 Ernest C. Andrews, b.a., f.g.s., 32 Benolong Crescent, Bellevue Hill. 

1929 Professor Ernest Willington Skeats, d.sc., a.r.c.s., f.g.s., University of Melbourne, 

Carlton, Victoria. 

1930 L. Keith Ward, b.a., b.b., d.sc.. Government Geologist, Geological Survey Office, Adelaide. 

1931 ♦Robin John Tillyard, m.a., d.sc., sc.d., f.r.s., f.l.s., f.e.s., Canberra, F.C.T. 

1932 Frederick Chapman, a.l.s., f.r.s.n.z., f.g.s., Melbourne. 

1933 Walter George Woolnough, d.sc., f.g.s.. Department of the Interior, Canberra, F.C.T. 

1934 ♦Edward Sydney Simpson, d.sc., b.e., f.a.c.i., Carlingford, Mill Point, South Perth, W.A. 

1935 George William Card, a.r.s.m., 16 Ramsay -street, Collaroy, N.S.W. 

1936 Sir Douglas Mawson, Kt., o.b.e., f.r.s., d.sc., b.e.. University of Adelaide. 

1937 J. T. Jutson, b.sc., ll.b., 9 Ivanhoe-parade, Ivanhoo, Victoria. 

1938 Professor H. C. Richards, d.sc.. The University of Queensland, Brisbane. 

1939 C. A. Sussmilch, f.g.s., f.s.t.c., 11 Appian Way, Burwood, N.S.W. 

1941 Professor Frederic Wood Jones, m.b., b.s., d.sc., f.r.s.. Anatomy Department, University 
of Manchester, England. 


AWARDS OF THE SOCIETY’S MEDAL AND MONEY PRIZE. 
Money Prize of £25. 


Awarded. 

1882 Jolm Fraser, b.a., West Maitland, for paper entitled “ The Aborigines of New South 
Wales.” 

1882 Andrew Ross, m.d., Molong, for paper entitled “ Influence of the Australian climate and 
pastures upon the growth of wool.” 


The Society's Bronze Medal and £25. 

Awarded. 

1884 W. E. Abbott, Wingen, for paper entitled ” Water supply in the Interior of New South 
Wales.” 

1886 S. H. Cox, F.G.S., F.e.s. , Sydney, for paper entitled ” The Tin deposits of New South 

Wales.” 

1887 Jonathan Seaver, f.g.s., Sydney, for paper entitled “ Origin and mode of occurrence of 

gold-bearing veins and of the associated Minerals.” 

1888 Rev. J. E. Tenison-Woods, f.g.s., f.l.s., Sydney, for paper entitled “ The Anatomy and 

Life-history of Mollusca peculiar to Australia.” 

1889 Thomas Whitelegge, f.r.m.s., Sydney, for paper entitled “ List of the Marine and Fresh- 

water Invertebrate Faima of Port Jackson and Neighbourhood.” 



tx 


Awarded. 

1889 Rev. John Mathew, Coburg, Victoria, for paper entitled ** The Australian Aborigines.'* 

1891 Rev. J. Milne Curran, f.g.s., Sydney, for paper entitled “ The Miorosoopio Structure of 

Australian Rocks." 

1892 Alexander G. Hamilton, Public School, Mount Kembla, for paper entitled “ The effect 

which settlement in Australia has produced upon Indigenous Vegetation." 

1894 J. V. De Coque, Sydney, for paper entitled the “ Timbers of New South Wales." 

1894 R. H. Mathews, l.s., Parramatta, for paper entitled " The Aboriginal Rock Carvings and 
Paintings in New South Wales." 

1896 C. J. Martin, d.sc., m.b., f.b.s., Sydney, for paper entitled " The physiological action of 
the venom of the Australian black snake (Paendeclm porphyriaciM).^* 

1896 Rev. J. Milne Curran, Sydney, for paper entitled " The occurrence of Precious Stones in 
New South Wales, with a description of the Deposits in which they are found." 


AWARDS OF THE WALTER BURFITT PRIZE. 
Bronze Medal and Money Prize of £60. 


Established as the result of a generous gift to the Society by Dr. W. F. Bubfitt, B.A., M.B., 
Ch.M., B.Sc., of Sydney. Awarded at intervals of three years to the worker in pure euid applied 
science, resident in Australia or New Zealand, whose papers and other contributions published 
during the past three years are deemed of the highest scientific merit, account being taken only 
of investigations described for the first time, and carried out by the author mainly in these 
Dominions. 

Awarded. 

1929 Norman Dawson Hoyle, m.d., ch.M., 186 Macquarie Street, Sydney. 

1932 Charles Halliby Kellaway, m.c., m.d., m.s., f.r.c.p.. The Walter and Eliza Hall Institute 
of Research in Pathology and Medicine, Melbourne. 

1936 Victor Albert Bailey, m.a., D.Phil., Associate-Professor of Physics, University of Sydney. 
1938 Frank Macfarlane Burnet, m.d. (Melb,), Ph.D. (Lond,), The Walter and Eliza Hall Institute 
of Research in Pathology and Medicine, Melbourne. 

1941 Frederick William Whitehouse, d.sc., Ph.D., University of Queensland, Brisbane. 


AWARDS OF LIVERSIDGE RESEARCH LECTURESHIP. 

This Lectureship was established in accordance with the terms of a bequest to the Society 
by the late Professor Archibald Liversidge. Awarded at intervals of two years, for the purpose 
of encouragement of research in Chemistry. (This Journal, Voi. LXII, pp. x-xiii, 1928.) 

Awarded. 

1931 Harry Hey, c/o The Electrolytic Zinc Company of Australasia, Ltd., Collins Street, 
Melbourne. 

1933 W. J. Young, d.sc., m.sc., University of Melbourne. 

1940 G. J. Burrows, B.Sc., University of Sydney. 
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Part I. THE ROYAL SOCIETY. 

The Past Year. 

A feature of the past year iu the Society’s history has been the large uiunber 
of members elected, namely sixty-two — ^the result for the most part of the 
efforts of one or two members. In the name of the Society I heartily welcome 
them and trust that they will continue “ to run the race that is set before them ”, 
in the fellowship of our Society ever pushing further away the boundaries of 
knowledge. 

During the year we lost eight members by resignation and six by death. 
Our present membership stands at 307. 

One of the very pleasant duties of the President — a duty which is usually 
a surprise to the newly-elected occupant of the chair — ^is to be official visitor 
to the New South Wales Observatory and iu that capacity to attend a meeting 
of the Board of Visitors. I was fated to be the last of a series of Presidents who 
enjoyed the privilege of attending this meeting, with the late Mr. J. Nangle, a 
Past-President of our Society and Government Astronomer, as host, secretary 
and inspirer. Mr. Nangle and the two scientific members of his staff were 
performing very important work for science and the nation, indeed, for the 
world — ^for obviously there can be no boundaries to astronomy : the heavens 
are for all, even though tbe earth be partitioned out. 

As you know, Mr. Nangle, even before retiring from the position of Director 
of Tecluucal Education, offered his services as Honorary Astronomer, and 
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fortunately bis offer was acc^ted. As it may not be posdlde for any parson 
idtb the requisite qualifications to accept the position now under tbe same 
conditions, I am sure that I am speaking for you all in asking the Government 
to mt^e such financial provision as will ensure the appointment of a Government 
Astronomer of distinction and the maintenance an adequate staff for the 
continuation of the vsduable work which is now in progress at the Observatory. 

On my own and your behalf I sincerely thank the members of the Council 
and of the various committees and the office staff for their ready help and good 
work during the year ; in particular, I thank the executive officers for the zeal 
with which they have performed their never-ending, though honorary, tasks— 
kb. A. B. Penfold, Official Secretary ; Mr. Welch, Honorary Treasurer ; and 
Dr. C. Anderson, Editorial Seoretaj^ ; also Mr. D. P. Mellor, who assisted 
the Editor, and Professor Earl, our Honorary Librarian. Nor do I forget the 
good work done by the Chairmen and Honorary Secretaries of Sections. Pimally, 
I express my appreciation of the goodwill shown me by the members of the 
Society during my term of office. 

The following statistics reveal some of the activities of the Society and its 
office-bearers. Durii^ the year there were nine general meetings, with an 
average attendance of fifty-three, at which forty papers were read ; eleven 
Coun^ meetings, with an average attendance of fourteen out of eighteen 
members. The executive officers kmdly met me in consultation ten times, and 
there were eight meetings of special committees to deal with such matters as 
finance, rules, the appointment of Clarke Memorial Lectiurer and Medallist 
and the Liversidge Lecturer. 

Four Popular Science Lectures were arranged, and were well attended. 
The Society appreciates very much the help thus given by the lecturers : Phyllis 
M. Eaberry, M.A., Ph.D. (July 18, “ An Inland People of Hew Guinea ”), 

A. B. Woodhill, B.Sc.Agr. (August 16, “ Insects and Disease in War-time, 
with Special Beference to Mosquito Biology ’’), B. N. Bobertson, B.Sc., Ph.D. 
(September 19, “ Eneigy for Living ”), A. B. Penfold, F.A.C.I., F.C.S. (October 
17, “ Bomances of Chemistry — Coal Stockings and Glass Ties ”). 

The ninth Clarke Memorial Lecture was delivered on June 14 by Mr. E. J. 
Kenny, and was entitled “ The Geologist and Sub-surface Water ”, and the 
Liversidge Besearch Lecture on October 31 by Mr. G. J. Burrows, B.Sc., on the 
subject ” Organic Arsenicals in Peace and War ”. This was the third Liversidge 
Besearch Lecture delivered under the auspices of our Society. 

As in previous years, your Council has endeavoured to make the general 
meetings of interest to all members. The highly specialised papers have been 
presented usually in very brief form, leaving time at three meetings for informative 
lecturettes (” Highlights of a Becent World Tour ”, by Mr. A. B. Penfold ; 
“ Submarine Canyons ”, by Dr. G. D. Osborne ; “ The Early History of Wire- 
less ”, by Mr. G. G. Blake), and at another meeting for an explanation of exhibits 
(Ethnological by Professor A. P. Elkin and Glass Textiles by Mr. A. B. Penfold). 
In addition, almost the whole of the general meeting in August was devoted to 
a symposium on Potassium which had been organised by Mr. D. P. Mellor. 
He Lecture Hall was fuU. Prepared papers were read by G. de Vahl Davis, 

B. SoAgT., ” The Commercial Potash Situation in Australia ” ; D. P. Mellor, 
M.S0., ” ^me Aspects of the Chemistry of Potassium, with SpedeJ Beference 
to Potential Sources in Australia ” ; H. H. Parbery, D.Sc., ” Potassium in 
Soil ” ; and B. H. Bobertson, B.So., PhJ)., “ Potassium in Plants ”. Mr. 
de Yahl Davis «dso showed a film mititled ” The Mining and MantifaiCture of 
Potash in Europe ”. A number of persons present contributed to tibte discussion. 
Because of the importance of the subject, especially during the present ffiter- 
national situation, the papers, together with the contributions made in the 
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discussioa, were later priated as a booklet aad distributed to aiembers aad 
others iaterested. 

To sum up, at five out of the aiae geaeral meetiags about half of the time 
(ia oae case, almost all) was devoted to subjects of geaeral iaterest. At a sixth, 
the aaaual geaeral meetiag, all papers were read by title oaly to make time for 
electioas aad the heariag of the Aaaual Beport aad the Presideat’s Address. 
Thus, at oaly three meetiags was the whole of the time — apart from formal 
busiaess — expeaded oa the readiag aad discussioa of specialist-researches. 
If less time stdl were to be devoted to the latter purpose, it would meaa that 
ia most cases the papers would have to be read by title only. This would be a 
possible plaa if they were read ia full and discussed at previous sectioa meetings, 
through which experience they might emerge with useful amendments. But it 
may be that the process would not stop there, for most sciences tend to be 
departmeatally specialised, so that we might have subsections of sections. As 
against this, no doubt members like to hear at general meetings the results 
obtained by fellow members in their latest researches. The upshot is that we 
must seek a balance in the agenda of our general meetings, and, of course, 
as scientists, be not afraid to experiment with that agenda. 

Function of the Boyal Society. 

Our Society has a threefold function : (1) In the first place, the Society 
exists to encourage research in all departments of science, art, literature and 
philosophy. It does this by providing a means of publishing worthy papers 
and an opportunity for discussing such papers and also subjects of scientific 
importance, and by awarding honours in the form of medals, money prizes and 
lectureships. These awards have been made possible by gifts from the late 
Professor Liversidge and Dr. Walter Burfitt and by the fund raised sixty years 
ago as a memorial to the late Beverend W. B. Clarke. For a period, too, 
1882-1896, the Society, from its own current funds, awarded on fourteen occasions 
a substantial money prize, combined on twelve occasions with a bronze medal, 
as a reward and encouragement for research in various scientific fields. The 
award was actually made in each case for a particular paper. I suggest that 
when the financial position justifies the Society in so doing some such award 
as this should be renewed without limitation of the field of research. 

In addition, the Society would welcome benefactions to enable it to increase 
its power of encouragir^, and indeed of assisting research, not only by the awards 
of prizes, but also by making grants and awarding fellowships. Apart from such 
benefactions, the Society can do little more than at present, namely maintain 
the Journal and library and meet necessary and, incidentally, very moderate 
administrative expenses. To enable it to do this, your Council depends on the 
Government grant, for which we are all very thankful, on members’ subscriptions, 
and on the income derived from the Society’s limited amount of capital 
investment. 

With regard to the discussion of research results, as I have already suggested, 
the formation of more sections might be encouraged ; for example, in Chemistry 
and Sociology. In this connection the Council regretfully accepted during the 
past year the dissolution of the Physics Section which, after fifteen and a half 
years of useful work, prepared the way for the formation in Sydney of a branch 
of the Institute of Physics. 

(2) The second function of our Society is to give all members an opportunity 
for becoming acquainted as soon as possible with the results of recent research ; 
in other words, to enable specialists in the various branches and also what may 
be called “ lay members ” to keep abreast of scientific advances in general. 
This is the object of the general meetings, with their brief explanations and 
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discuBsions of papers and lectnrettes. The informal talks during supper can 
also help in th^ direction. 

(3) The final function of the Society is its “ popular ” work — ^the passing 
on in acceptable form of scientific knowledge to the general public. At present, 
we rely mainly on four or five public lectures' a year given in an honorary capacity 
by experts. I beUeve we would be rendering service to the community by 
expanding this part of our work, if we had the funds — a subject to which I will 
return in a later section of this address. If we could not do this directly, we 
should try to do so indirectly, that is by urging, inspiring, assisting and co- 
operating with other scientMc and educatioiud groups to spread scientific 
knowledge and the scientific attitude. 

In concluding this part of my address, I express regret that owing to the 
present time of international strain which affects each one of us, the Annual 
Dinner was not held. Your Council at first planned to hold it, but as the weeks 
passed by I formed the opinion that our Society should refrain from any function, 
the pu^ose of which was solely pleasurable, and with this opinion both the 
executive officers and later the Council expressed agreement. Incidentally, 
the dinner was not held during the war of 1914-18. Our next dinner (and may 
it soon be held) will celebrate the cessation of hostilities and the dedication of 
the energies of scientists to their share of the work of rehabilitation of society 
on a peace basis. 


Paet II. 

SCIENCE, SOCIETY AND “ EVERYMAN ” 

OE 

SCIENTISTS, THE PROPAGANDISTS OF SCIENCE. 

The Royal Society and Antheopology. 

The Presidents of the Royal Society have come hitherto from many depart- 
ments of science — agriculture, astronomy, botany, chemistry, engineering, 
geology, mathematics, physics, physiology, statistics, veterinary science and 
zoology. It is interesting to notice that while all these subjects are of vital 
importance to man if he is to understand the universe in which be finds himself, 
none of them are directly concerned with the phenomenon of man himseU as 
a thinking and social being. In 1940, however, you drew your President from 
the field of the social sciences, a term that is coming into vogue, in particular 
from anthropology — and more precisely from social anthropology, which is 
sociology writ wide and large. 

This is not the first recognition given by our Society to anthropology. 
Many papers on the subject have been published in our Journal, especudly 
between 1890 and 1910.^ The Society’s money prize was awarded in 1882 
(John Frazer), 1889 (Reverend John Mathew) and 1894 (R. H. Mathews) for 
papers on the Australian AborigineB, and three of the recipients of the Clarke 
Memorial Medal, A. W. Howitt (1903), W. E. Roth (1909) and Baldwin Spencer 
(1923), whatever other accomplishments could be credited to them, will live 
in the annals of Australian science for their contributions to our knowledge 
of the Australian Aborigines. 

The election of a social anthropologist, however, to the very honourable 
position of President of the Royal Society of New South "Wales in these latter 
days is very significant. Wittingly or unwittingly, in so doing you h&ve 


*From 1870-1889, 12 papers; from 1890-1899, 28 papers; from 1900-1909, 18 papers; 
from 1910-1940, 9 ps^rs. 
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expressed what I think is one of our greatest needs today — ^the scientific study 
of human society ; that is, the endeavour to ascertain the principles of social 
structure not oijy in itself but also in relation to culture and change, to under- 
stand the laws of social and cultural change and to clarify the relation of society 
to the individual, his thoughts, feelings and actions. I cannot take time here 
to develop this point further, but must content myself with saying that sociology 
can be and must be as scientific in its methods, techniques and objectives as any 
other science, pure and applied. 

The Subject of the Addeess. 

, Until 1900 the aimual address to the Society was termed the Anniversary 
address, and up to 1880 was delivered by a Vice-President of the Society. 
The Governor, who was President of the Society, was spared this task. From 
1881 to 1900, the address was delivered by the President, who, however, was no 
longer the Governor, the latter having been made ex officio Honorary President 
of the Society by a rule adopted in 1879, and Vice-President on a revision of the 
rules in 1901. But be he Resident or Vice-President who delivered the annual 
address, he was generally somewhat perplexed regarding its subject matter. 
As one put it forty years ago : “ There comes the important question as to what 
rightly constitutes the subject matter of the presidential address : whether it 
should be a retrospect of the scientific work of the year, an announcement of 
something new in science, a history of science brought to date, a discussion of 
some ‘ burning question ’, or merely a dissertation on some particular subject 
passing in the mind of the President.” Portimately there is no rule governing 
the matter of the address, nor indeed is there a rule that one should be inflicted 
on the President and members. Tradition, however, steps in and prevents 
him from escaping its preparation and constrains a quorum to be present during 
its delivery. Tradition, too, is the main factor in determining the general 
outlines of the address. Almost all have contained brief references to events 
of interest and significance in the life of the Society during the preceding year, 
including the year’s register of obituary notices of members, a necrology, as 
three Presidents aptly termed it. For many years too, the address included 
a survey of the year’s advances in all department# of science the world over — 
an undertaking which grew more formidable each year until at last, in the first 
decade of this century, in face of the increased specialisation within each science, 
and of the great growth of scientific work in country after country, the President 
wisely shrank from the task ; instead, he confined himself either (a) to 
unburdening himself of some thoughts which came, “ perhaps unbidden ”, to his 
mind during the year, or (6) to giving a survey of research, discovery and applica- 
tion within his own specialised sphere of work, and/or (c) presenting the results 
of a definite piece of research carried out by himself. The addresses for the 
last thirty years have tended towards the establishing the third as a tradition, 
though it is sometimes combined with the second. Fortunately, however, this 
has not quite scotched the urge of an occasional President either to devote the 
whole of his address to ” unburdening his mind ”, or else to making his survey 
of specialised scientific advance the basis for some degree of “ unburdening ”. 
In other words, all scientists cannot all the time keep within the academic 
cloisters and the laboratory, but are constrained to speak directly to the general 
public or to the government on matters of practical significance arising out of 
their special studies. It is good that this is so, and may the tradition of this 
Society never be set against such breaking forth from the scientific cocoon ! 
“ Science for the sake of science ” is a noble motto to be observed during research, 
although ” science for the sake of business ” or ” of war ” is not unknown. But 
in any case, science was made for man and not man for science. It has come 
into being for the use of man ; it is a means by which he learns to understand 
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and adapt himself better to and even use his total enrironment — ^material, 
human and social. Life is the task, and science one of the means by which man 
performs that task. 


Science and Bveetman. 

It is a chastening thought to realise that science, aye and scientists too, 
mean very little, iisuaUy nothing, to the average man. It is true that the latter 
has gained from the scientists’ discoveries, which underlie the telephone, radio, 
motor car, aeroplane, electric sweeper, the “ talkies ” and so on, but to “ Every- 
man ” the great majority of these things mean no more than the magic lantern 
and steam engine did to people of other days. The present generation grows 
up quite accustomed to them. I am concerned, however, not so much with 
the material benefits bestowed by science as with man’s attitude to the world, 
to life in the world, and the problems related thereto. One social scientist 
ventured to predict that with increasing scientific knowledge — ^psychological 
and sociological as well as natural — ^the cohesion of society would be ensured 
and man would live a moral life without any reference to religious sanctions 
and the sphere of the contingent with which these are interrelated. 
“ Psychology ”, he said, “ will in the future enable us to construct a truly 
scientific scheme of education and child training. If in the distant future 
biology should show us how to breed a better race, science will ultimately give 
man a new self . . . - The social sciences may be expected to yield up the secrets 
of social order and progress and thus enable man to perfect his social system. 
Meanwhile, there need be no fear that, if men cease to believe in God, they wiU 
straightway prepare to go to the devil . . . .The moral code based on the mandates 
of God yields slowly but surely to one based on the mandates of science, but the 
new morality is doubly strong. It not only makes its own appeal to the human 
reason and the desire to live long and well, but it has back of it the same social 
sanction which compels conformity ever3rwhere.”® This author has obviously 
very great faith in the logical character of man’s conduct — at least in the far 
distant future ; his is a vision of a future which he desires. But I doubt whether 
the facts allow us so to dream, and those facts are human beings as they are and 
as they have been. Most of our behaviour is based not on scientific knowledge 
and logical deductions therefrom, but is non-logical, arising from our desires 
and from the attitudes which we have imbibed from, or which have been 
inculcated in us by, our society or by some group within that society. It is all 
too easy to say that we are living in a scientific age ; we are living in an age in 
which there are very many scientists and in which much practical use is being 
made of scientific research, but the comparatively many scientists are but a 
very small minority of the population, and again, a very small minority of the 
latter has any worthwhile appreciation of science or of the scientific attitude to 
life and its problems. 

In spite of school curricula, of scientific subjects in the Leaving Certificate 
and of popular science on the radio, you will be fortunate to find in a township, 
or indeed in many suburbs, apart from scientific teachers and workers, more 
than half a dozen individuals who know anything about scientific method, 
scientific attitude or “ scientific mandates ”. The proceedings of scientific 
bodies is not considered news by the pai)ers. Moreover, a very strong proof that 
our age is not scientific is provided by the flourishing existence of Christian 
science and astrology, the former with its refusal to face impleasant phenomena, 
and the latter with its removal of human responsibility for decision to the 
accident of birth in relation to the stars — a witness to the gullibility of human 
beings. Then there is British Israelitism, with its convenient proofs from the 


* F. H. HAnkins, An Introdt/ciion to the Study of Society, pp. 696-7. 
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Great Pyramid and the Bible, or Jehovah’s Witnesses with their effective 
salesmanship of their propagandist literature. Probably few if any of the 
members of our Society are interested in these and similar cults, but hundreds 
of thousands of citizens are keenly interested in them and many more nibble at 
the baits which are extended. These cults are mostly paying concerns and in 
some cases are organised on an immense scale. But if the social disciplines of 
psychology, anthropology and history, and the natural sciences of astronomy and 
biology really contributed to the stock-in-trade of the average man, this would 
not, or at least should not, be so. In other words, the scientific knowledge and 
attitude possessed by a few is rmknown to, or ignored by, very many who are 
therefore the mental, social and financial prey of strange cults and superstitions. 
In the face of the contingencies of Ufe, of the unknown and of disasters, they 
return to the primitive or the mediseval — ^to astrologer, anthroposophist, 
“ medicine-man healer ”, or the soothsayer whether he use the stars, the pyramid, 
the Bible or the stance. 

What is the explanation of this phenomenon ? Some say it is a sign of 
the general neurosis which has overtaken our age, itself the result of the vast 
speeding up of the pace of life — the consequence of mechanical advance. Others 
say it is the fault of the churches for not giving people a saner attitude when 
faced with life’s difficulties and disasters, or they blame the education system, 
which is said to be concerned overmuch with preparing children to make a 
livelihood, instead of equipping them to recognise and meet squarely and sanely 
the problems of life as they arise and to solve them consciously and logically. 
But scientists and scientific bodies must acknowledge that they themselves 
have not done all that they should have done. The age is not scientific because 
the scientists have persuaded neither the authorities — apolitical, administrative 
and educational — ^nor the people generally that they should and can be scientific, 
that science provides not only a content of knowledge and a means of increased 
efficiency and pleasure, but also an attitude to life. 

Government Administration and Science. 

Another sign of this failure is the lack of appreciation by governments of 
the co-operation which they could receive from scientists — an unfortimate fact 
about which much has been heard since the threat and outbreak of this war. 
Scientists and scientific bodies when offering their services have been nonplussed 
when told that there was nothing for them to do. The members of one scientific 
group were told to get in touch with their respective air-raid wardens — ^advice 
which takes us to the root of the trouble. It is not merely that Cabinet ministers 
think that everything possible is no doubt being done by the exi)erts in the 
various government departments, or (as is sometimes said) that these latter do 
not welcome outside assistance, but that ministers and departmental heads are 
usually typical examples of “ Everyman ”, that is, they have no more grip of 
the significance of science for human thought and well-being than the latter. 
Therefore, in face of the scientists’ offer of service, they are genmnely nonplussed, 
for do they not hold the usual opinion that the scientist — ^professor or not — 
spends all his time in his laboratory, like a chrysalis in its cocoon, and has no 
understanding of practical affairs ? Moreover, government and administrative 
heads, knowing their own power, believe that all contingencies and problems 
can be met by administrative efficiency — ^by additional administrative officers, 
if necessary. And so persons renowned for their business acumen and adminis- 
trative abilities are appointed to this or that service, often irrespective of the 
content or specialty of the particular department. A good administrator is 
held to be a person who not only can grip all the details of a particular department 
and task in a few months, but also can imderstand the problems associated with 
it, be these human or scientific. Of course, good administrators are required 
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for public affairs in both peace and war, but apart from the fact that some 
scientists are good administrators, the really good administrator for many 
departments of life these days should be one whose training has taught him to 
understand the scientific attitude, to appreciate the relation of scientific experi- 
ment and discovery to national welfare, and, when confronted with important 
problems, to be prepared to call upon the scientific resources and potentialities 
of scientists engaged in the particular sphere which is in question. This, of 
course, would be done most simply through the organised scientific bodies such 
as our own, the Australian National Eesearch Council, and any nation-wide 
register of scientists which is in existence. Such help would then be used in 
collaboration with the Council for Scientific and Industrial Besearch and the 
departmental scientific experts. 

A very sad feature of that most interesting recent Penguin Special, Science 
in War (1940), is the revelation of the small degree in which science and scientists 
were being used in England quite recently in the war effort, and of the inefficiency 
and serious consequences which followed from this state of affairs. It is stated 
that the group of scientists who still stand outside war work and who include 
some of the most powerful minds in science, “ has no knowledge, except in the 
most general terms, of the problems by which the country is faced 
Unfortunately too, those scientists who sit on government advisory boards and 
committees or conduct extra-mural war work in their laboratories, seem unable 
to do more than agree with government decisions, instead of challenging them 
when necessary in the name of science. Various examples are given in this 
book of the way in which science could help the war effort if it could be effectively 
heard and used. Thus : “ there is little doubt that geographic and economic 
knowledge and the assistance of great modem developments in mathematics 
could lead, in a minimum of time, to a revolution in strategy far greater than 
that introduced by Napoleon ”. Again, in air warfare, while many problems 
have been dealt with effectively by science, “ others could be if government 
departments were willing to carry out proposals based on scientific study ” ; 
and with regard to bomb shelters, the scientific approach, which is briefly 
summarised, was made outside official circles before the war and “ its application 
was strenuously resisted by the government department concerned ”. Other 
examples are provided by the camouflage methods — an extraordinarily con- 
vincing instance of the ineptitude of the existing system where science is 
concerned, by the provision of food in war time and so on.® 

The picture is becoming less gloomy, thanks to the course of the war and 
much agitation on the part of scientific bodies. In Australia, the Commonwealth 
Government is becoming gradually seized with the necessity for making a survey 
of available manpower and resources, which could be used wherever and whenever 
required in the present national emergency — ^but so far it has been a piecemeal 
process instead of being part of a planned unitary scheme. In addition, advisory 
panels have been set up, including, or consisting of scientists, and a number of 
individual non-Government scientists are working on war problems under the 
auspices of various government departments. 

Scientists and Sbceets. 

Incidentally, a matter of some psychological importance arises in connection 
with this. Scientists whose services are used to assist the war effort on panels 
or in research, not only become acquainted with and contribute technical 
processes of a secret nature ; in addition they are supplied with confidential 
information regarding the seriousness of the war itself or the country’s situation 
with reference to>. i/his or that vital necessity, so that they may be fully seized 


* Science in War, pp. 12-13, 35, 43, 91. 
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with the significance and importance of their work. Needless to say, they will 
not discuss such information with any person outside their particu^r panel or 
board ; but they are not so accustomed to possessing secret information of 
vital significance as are for example members of the diplomatic service and 
father confessors. This is as it should be, because normally there is nothmg 
confidential about the objects, methods or results of scientific research, all of 
which are displayed for the benefit and interest of all who desire to use them. 
But in the war situation a good deal of emotional tension is apt to be created — 
a tension which occasionally breaks, and reference is made, possibly in the 
course of discussion, to one’s possession of confidential information, though 
details are not mentioned, with the effect that one’s arguments may seem 
irresistible. 

This is quite imderstandable, for scientists, in spite of cartoons, are normal 
human beings, “ of like passions ” with other men. In certain critical circum- 
stances all of us are apt to be less than scientific and to appeal to the emotions 
rather than to an array of facts carefully observed or experimentally tested. But 
in the realm of what might be termed vital information, unless the cards can be 
put on the table, let them be kept in the table drawer, with the drawer shut. 
No references should be made to what cannot be disclosed. This applies of 
course not only to scientists, but to governments and national leaders, all of 
whom should give to one another and to people at large definite information 
only, be it good or bad ; this can be faced and dealt with. But they should not 
make suggestions of possible national “ time-bombs ” about which they know 
something but can reveal nothmg except a feeling of anxiety. It is the duty of 
administrations, together with the help of scientists when necessary, to render 
those “ time-bombs ” harmless, be they economic, military or international, 
or else to prepare as fully as possible for the explosions. The cohesion and unity 
of society which is so important in time of war depends, like the success of a 
scientific experiment, on a positively formulated plan based on all available 
knowledge. Such knowledge must be shared out on a basis of cooperation in the 
tasks to be accomplished. But cohesion is weakened by creating emotional 
tensions on the basis of suggested but concealed knowledge regarding national 
difiBculties, handicaps and possible disasters. And since the psychological and 
sociological principles involved are well established, scientists will not only 
observe them in their own work and attitudes in time of national crisis, but will 
ask the governments also to bear them in mind. 

Scientists and Social , Duty. 

This brings me again to my theme that if scientific societies and scientists 
possess knowledge and understanding which would make for the welfare, 
cohesion and progress of society, or prevent disintegration of society or the 
confusion of its individual members, then those scientists are as citizens bound 
to do their utmost to press their knowledge on both government and people. 
We should not sit aloof adopting the attitude that if the country does not want 
our knowledge or help it can leave it. In doing this we become morally 
responsible for the continuation of unsatisfactory conditions, or for disasters 
which could have been avoided had our knowledge been used. It may be that 
some scientists are temperamentally unsuited for the necessary propaganda 
work which is involved, and that persons who are not themselves research 
workers but who do appreciate the practical and national significance of science, 
are better fitted for it. Against this, however, is the fact that the scientific 
specialist can speak with authority, and if he possess the necessary patience and 
persistence, eventually he will be heard. In any case, scientific societies, such 
as our own, could undertake this essential national work in which they would be 
guided by their own expert committees or sections. Suppose for example that 
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jmmimisatioa against some epidemic diseases such as diphtheria were regarded 
as of sufficient importance and effectiveness to justify a campaign to ensure its 
voluntary universal practice, then such a society as our own might well set up 
an expert committee of medical scientists and chemists to examine the evidence, 
and if this committee reported against the practice, the fact should be com- 
mimicated to the authorities as well as to the public. K, however, the report 
justified the practice, the Society, in addition to informing the health authorities 
of its finding, might well support their campaign by arranging for a public 
symposium, popular lectures, wireless talks, newspaper articles and pamphlets, 
in all of which the scientific basis and proof as well as the statistical results of 
the practice would be set forth. Such action on the part of a disinterested and 
purely scientific body would be of great support to the health authorities' 
campaign, and could not be dismissed as a mere fad of the health department. 
Of course, such scientific body would carefully avoid all political entanglements. 

I have mentioned immunisation as an example because so many people are 
still worried about it and, with regard to diphtheria, there has been a campaign 
against it. The subject is of national importance, and therefore a scientific 
body would be doing a national service by endeavouring to get a scientific 
attitude adopted by the public towards it, and by spreading a knowledge of the 
facts. As another example, I could refer to the danger of overcrowding of 
civilians or soldiers in camps without satisfactory precautions against uncleanli- 
ness, with the consequent risk of typhus or other epidemic diseases, as was 
pointed out in one of our popular lectures during the past year.* In this case, 
if events warranted such action, our Society, probably through a select committee, 
should back up the efforts of the specialist by putting the scientific facts before 
the Government and the particular administrative department (military, works 
or other). At the same time it should make the public conversant with thejn 
so that public opinion would be ready for, and indeed would ask for, the necessary 
administrative action. Examples could be taken from other spheres : biology, 
agriculture, astronomy, physics, and so on. 

The suggestion of this line of social propagandist action for such a society 
as our own is evolutionary, not revolutionary. The object of our Society, as 
expressed in its Act of Incorporation, is to encourage studies and investigations 
in science, art, literature and philosophy, to which is added in Rule 1 the 
significant words, “ especially on such subjects as tend to develop the resources 
of Australia ”. Moreover, in the course of its history it has adopted the plan of 
holding popular lectures as a means of disseminating to the man in the stri^et, 
in understandable form, the results and importance of specialist-research. 
The suggestion is that we and all scientific bodies do more of this, and also when 
circumstances demand, press our knowledge and attitude on governments and 
people alike — if necessary with the persistence of the importunate widow. 
Certainly we should not adopt the “ take it or leave it ” attitude. We are citizens, 
and our best contribution must be through our specialised disciplines, not merely 
to be stored in learned journals steadily mounting rmtil our articles have reached 
the century mark, but also, if the material be appropriate, to be added to the 
life and thought of “ Everyman ”. Scientific groups belong to the body politic 
and are not only concerned with the academic pursuit of science and occasionally 
with related issues such as the exportation of fossils and the preservation of fauna 
and flora ; they must also watch over and contribute to the well-being of society 
as a whole whenever their special knowledge enables them to do so. If the 
public is being misled by dangerous propaganda and is mistaken on significant 


* A. R. Woodhill, “ Insects and Disease in War-time, with Special Reference to Mosquito 
Biology ”, Royal Society of N.S.W. Popular Lecture, August 15, 1940. 



PRESIDENTIAL ADDRESS. 


11 


matters and we know the facts, then we must make those facts known. At 
times, scientists must be propagandists. 

BTeedless to say the term propaganda as I use it here (iontains no suggestion 
of misrepresentation, but means, as in the dictionary definition, the dissemination 
of principles and knowledge so that these may bear fruit in th<* life of man and 
society. Misrepresentation may bo used in propaganda, but not by scientists. 
On the other hand propaganda of the false can be counteracted most (‘ffectively 
by propaganda of the true. 

Kace Propaganda — and the World Situation. 

Let me now illustrate my theme with a subject from the anthropological 
sphere, namely “ propaganda and the concept of race ”. The idea had grown 
up — especially a century or more ago— of “ the complete separateness of certain 
populations ”, and this was exploited by propagandists who discussed racial 
questions for national or political ends. But physical anthropologists have 
known for decades that there is no sharp grouping between the races of mankind, 
that is if the term rac(‘ be used in its only valid sense, as a biological concept, 
without any reference to culture in gen(*ral, or language in particular. It is 
interesting to notice that the first investigator to maintain that human races 
formed a continuous system with distinguishable parts but no abrupt divisions 
was a German, J. P. Blumenbach,® whose work has obviously been ignored 
in propounding official racial theories in modern Germany. All recent research 
confirms Blumenbach’s contention. Apart from the ideal concciptions we have 
of the four main divisions of mankind (or major sub-8peci(*s) into European or 
Caucasian, Mongol, Negroid and Australoid, the division into biological races, 
that is the inheritance of grouj) characteristics, is a statistie^al matter, foi’ 
so-called races both shade off into and overlap one another. We have fairly 
clear pictures of such ideal types (or minor sub-species) as Nordic, Alpim*- and 
Mediterranean, but we find few pure examples of these types, the result of 
diversity in prehistoric and early historic times, of migration, of intermarriage, 
and of the influence of environment on cx'rtain physical features. Thus, if we 
pass from Scandinavia and Finland south to the Sahara, where shall we draw tlie 
various racial divisions, or if we travel from Ireland east to Siberia and Japan, 
will our task be any easier ? The fact is that there is no population in Europe 
today which can be sharply divided off from neighbouring peoples on the basis 
of racial distinctions. On our journeys we pass through various nations, or 
countries as we frequently call them, but as the result of the study of such 
significant biological features as head-form, body height, hair form and colour, 
skin and eye colour and blood grouping, wo realise that such unit y as each nation 
possesses is not the consequence of its supposed unitary racial origin, but is a 
cultural factor, built up during the course of history. Even Germany, while 
possessing a number of blondes in its population, is the outstanding example of 
a national European group consisting of a number of sections which differ 
markedly in their physical characters. Likewise, while there is, or was, a French 
nation, there is no French race. Conversely, some peoples think they are 
racially quite distinct from their neighbours, when there is no such distinction, 
but only a marked difference in language and, possibly, in other cultural 

® His works on the subject were published in Germany in 1775 and 1795, and translated for 
and published by the Anthropological Society of London in 1865 under the title of “ The Anthrop- 
ological Treatises of Johann Friedrich Blumenbach Vide T. K. Penniman, A Hundred Yearn 
of Anthropology, pp. 56-6, 373, and G. M. Morant, “ Racial Theories and International Relations ”, 
Journal of the Royal Anthropological Institute, London, Vol. LXIX, p. 153. Vide also F. H. 
Hankins, An Introduction to the Study of Society, pp. 93—6, for further reference to Blumenbach 
and a discussion of overlapping of races. Also C. S. Coon, The Races of Europe, 1939, pp. 251-96, 
for a similar but more recent discussion. 
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elements. For example in 1939 the Finnish Government announced that the 
Finns had neither national nor racial affinity with Bussia, and that the Finns 
are Nordic in character. But “ the evidence of physical characters shows 
unequivocally that Films and white Bussians are closely allied, and it fails 
entirely to indicate any line of division between them which might be correlated 
with a national or linguistic frontier Again, the Czechs of Bohemia regard 
themselves as Slavonic and used to dream of a union of all the Slavonic peoples 
of Europe, but racially they are closely allied to the neighbouring peoples of 
Germanic speech and “ this racial bond is much more intimate than that between 
th<* populations of western and eastern Germany on the one hand or those 
between the Czechs and many Slavonic peoples on the other The Slavonic 
characteristics of the Czechs are cultural rather than racial (biological), the 
result of an historical accident — their conversion to Christianity from the East. 
Had this influence come to them from the West, they would have become 
Teutonic in culture and speech.’ 

The point is that rac(* is not related to nationhood or culture either logically 
or biologically, but only through the happenings of history. We must bear in 
mind and indeed promulgate the following facts : 

(1) A nation may consist of more than one race. 

(2) The same race may constitute part of more than one nation. 

(3) In every or almost every case some groups of people in neighbouring 
nations are closely related racially, and that as far as Europe is concerned, 
any war between national groups is in some degree or other racially a “ civil ” 
war. 

(4) While a racial group possesses distinctive hereditary traits in spite of 
variations around the particular racial type, racial types are relative and in a 
state of flux and, in characteristic features, shade off into one another ; therefore 
to speak of a nation as a pure race, or indeed of a race as being pure, is in almost 
every case biologice.1 and racial nonsense. This applies, of course, to the Nazi 
doctrine that the Germans are pure Nordics. 

(5) The so-called “ race consciousness ” of which we hear at times and 
which implies that a people possess a feeling of unity and of distinction from 
other peoples becaust*. its members share a common descent, is a pure Action. 
There may be a strong national consciousness, based on contiguity, historical 
continuity and community of economic and political life, but this national 
group may ultimately be made up of individuals or even small groups sprung 
from several racial sources. Consciousness of commxmity is an historical 
accomplishment, not a racial inheritance ; and it is this, not race, which is the 
basis of true nationhood. 

(6) Another baseless Action is the doctrine of Nordic supremacy, that is to 
say that a certain racial group, distinguished by fair hair, blue eyes and taU 
stature, was by reason of something in its biological inheritance the creator and 
organiser of all civilisations, and is the only hope of the future. The foundation 
of the doctrine appeared in the work of Count Arthur de €k>bineau, who in 1863 
declared that the fundamental factor in the development and decay of civilisation 

® G. M. Morant, “ Racial Theories and International Relations ”, Journal of the Royal 
Anthropological Institute^ VoL LXIX, p. 161. Also C. S. Coon, The Races of Europe, 1939, pp. 
359-67, 568 and maps, pp. 176-7, 294-5. 

’ G. M. Morant, op. cit., p. 161. The War and Democracy, by various authors, 1914, p. 70. 
C. S. Coon, op, cit„ pp. 560-2 and map, pp. 294-5. Professor Coon writes that zoologically the 
Czechs are descends ts of early Slavic immigrfuats who, like all Slavs, were primarily Nordic. 
But the Czechs changed in form during the centuries until from the point of view of measurements 
they became Alpine in head and face, while their colour is as fair as in the case of most Southern 
Germans. 
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is racial, and that if the fundamental racial constitution be engulfed among other 
races to such an extent that it ceases to exert the necessary influence, both the 
people and civilisation will die out. In 1895 H. S. Chamberlain maintained 
that “ the Teutonic stock was the real creator of present-day civilisation and our 
best hope for the future The use made of this false theory by Nazi Germany 
is well known, and just as well known to students is the fact that the doctrine is 
politically inspired and not anthropologically based. Germany is not a pure 
race — even with all the J ews ejected — and as we have seen, racial groups shade 
oft’ into one another ; moreover, civilisation is built up by the experience and 
contributions of many races and nations. There are valuable cultural crossings 
and diffusions, as well as racial crossings and immigrations. But, of course, 
the Nordic theory or any similar theory of racial superiority, ai)pealing as it 
does to a people’s vanity, can be used with great effect in unifying a people and 
arousing enthusiasm for some cause, be it the spread of German kultur as in the 
last war, or the spread of Nazism today. As one writer puts it, “ in adopting 
beliefs regarding racial theories, most people are prepared to become followers 
of a cult. ; few will show any inclination to become students of a scienc(i ”.® 

I am drawing your attention to these anthropological facts and principles 
not merely because of their importance and interest, but because they have not 
(entered into the working mental equipment of th(> public*, (voters) or governments 
in our own country or the world at large, and because scientists, to wit anthrop- 
ologists, must bear the blame for this. The ideas which people hold regarding 
race, nation and culture are usually so nebulous that th(*y can be easily swayed 
by astute propaganda ; moreover, racial preaching is apt to grip peoples’ 
imagination and stir their enthusiasm in a remarkable and indeed overpowering 
manner, for it appeals both to man’s interest in his past and to pride in his future. 
A somewhat inoffensive example is provided by British Israelism. But the 
same cannot be said of the Aryan racial propaganda of Gc'rmany, nor indeed of 
the ridiculous i)lea made by Professor (larmelo Midulla for the recognition of 
an “ Aryan and Mediterranean ” type* as the Italian national ‘‘ archetype ", 
which incidentally is said to approximate in measuremc'nts to the statue's of 
Apollo Belvedere and f»f Venus (of Oyrene and Venus Anadyomene). This 
plea could be none other than an attempt to bolster up national pride, imlitical 
in intent, for scientifically it is absurd both as regards the method of selecting 
individuals and of striking averages in the measurements, and also in the use of 
the term Aryan-McditeOTanean, which is apparently a blanket term used to 
e*.over either two distinct divisions of mankind or else a linguistic and a racial 
grouping. No doubt it is meant to convey the idea that the Italian Mediterranean 
people are to be distinguished from other peoples of Mediterranean stock, such 
as the Jews, Arabs and Abyssinians, and to be affiliated with that supposed 
Aryan race which not only originated the basic Aryan tongue but also alone 
possesses the powers to develop a truly advanced culture. At least this would 
show that the Italians are fit partners for Hitler.^® 

Of course, anthropologists knew quite well that these theories were ill- 
founded and were propounded for political and national aims. F. H. Hankins, 
for example, examined and exposed them in his Racial Basis of Civilization 

® T. K. Penniman* A Hundred Years of Anthropologif^ pp, 84 and 126. For a full oxamination 
of the theory, vide F. H. Hankins, The Racial Basis of Ciinlization . 

® G. M. Morani, op, cit,, p. 158. 

Strictly speaking too, Aryan is a linguistic term and has no reference to race ; but Hitler 
and apparently this Italian professor also use for their own purposes the old mistaken idea that 
race can be determined by language — by linguistic origin ; thus an Aryan people is one which 
speaks €Uid is sprung from Aryan-speaking ancestors. Italy consists mainly of Mediterranean 
peoples, but the Alpine racial type and to a less extent the Nordic type is found in northern Italy. 
With regard to Midulla, vide “ Aryan and Mediterranean Anthropometry by C. Suffem, Man,, 
December, 1939, pp. 199-200. 
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(1926), and more recently A. C. Haddon and Julian Huxley provided a most 
helpful survey of the racial make-up of Europeans in their book We Europeans 
(1936). And students in the few anthropological classes in the British Empire 
and in th(? somewhat greater number in America also became acquainted with 
the facts, but the knowledge was not broadcast and impressed on the general 
public — on “ Everyman ”. And what is worse, when the propaganda regarding 
racial distinctions which was broadcast before the war, especially in Europe, 
was doing much to embitter international relations, anthropologists did not 
make any effective protest. They knew the facts, they recognist'd or could have 
recognised the hollowness of some continental theories and their political motive, 
and they should have tried by means of public lectures, pamphlets, newspaper 
articles and wireless talks to <'xpose the fallacies and broadcast the truth in 
their own and other tongues, and should have done so tirelessly. It is true 
that if this campaign had been successful, the Nazi propagandists might have 
found some alternate theme to serve their purpose, but to make the other side 
shift its ground through the exposure of inherent fallacies is to cause at least 
some degree of lack of confidence and loss of equilibrium. In any case, the duty 
of anthropologists was clear, but it was not performed. The principal reason 
for this failure was no doubt the doctrine that scientists should not interfere in 
political and practical affairs, although they might criticise them learnedly within 
the academic precincts and in esoteric publications.^^ 

Let us hope* that when this war is over and boundaries in Europe and 
North Africa and perhaps elsewhere have to be arranged anthropologists (and 
historians too) will be summoned, or will persist in being summoned, to the 
pertinent international ex)mmittees, and will ensure that there be no confusion 
of race with culture or of either with nation, and that all divisions of populations 
on so-called racial grounds be very carefully examined befon* being made the 
basis of continuing or of establishing national boundaries. 

“ Half-Castes ”, Biology and Peejudioe. 

An example of the confusion of biological inheritance with cultural factors 
comes from our own country — a confusion arising from ignorance. It refers 
to the people of mixed European and Aboriginal blood in Australia, often called 
“ half-castes ”, irrespective of the proportion of Aboriginal and European 
ancestry in each case. W(! frequently hear it. said, even in high places, that 
these folk inherit the vices of both races. But the word vice has reference 
only to standards of behaviour and is solely of cultural significance. Some 
Aborigines are vicious according to Aboriginal moral standards, just as some 
Europeans are vicious according to European standards. There is no evidence, 
however, to show that half-castes should in some remarkable way inherit vices 
from their two parents which possibly the latter did not exhibit. Nor indeed 
is there any evidence to show that moral standards or vice and virtue are 
biologically inherited. On the one hand moral standards are evolved during a 
society’s history, and on the other hand vice and virtue are accomplishments 
developed during an individual’s history as the result of training and reaction 
to his environment — Thorne, society, economic conditions etc. They are cultural 
phenomena. With regard to half-castes it is sufficient to say that if any of 
them exhibit the vices of both races it is because they belong culturally to 
neither. They have not learnt the standards and sanctions of Aboriginal 
society and, being treated as outcasts by us, they have neither received the 
same early training as we, nor any real assurance of an effective place in our 


The req>onsibility of anthropologists in this particular has been elaborated by Dr. G. M. 
Morant in The Races of Central Eruope (1939) as well as in his article “ Racial Theories and Inter- 
national Relations ”, Journal of the Royal Anthropological Institute, Vol. LXIX, 1939, pp. 161-62. 
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social and economic order, with the result that in some cases they throw restraint 
to the winds or become resentful and suspicious. The point is that their 
so-called vices are culturally determined, and the responsibility is ours even 
more than theirs. 

This criticism of half-castes is related to our colour prejudice, which again 
is a cultural attitude developed and possessed by British folk, but not by some 
other European peoples. It is not innate nor biologically founded, and 
incidentally is by no means strong enough to prevent miscegenation between 
British men and Aboriginal women. The antipathy is sometimes rationalised 
on the basis that the half-castes are not well washed, live in dirty conditions 
and are not educated, and so we prefer not to admit them to our schools, hospitals 
and churches. Thes(“ assertions are true in a number of cases, but they can be 
overcome with patience, water, training and fellowship. 

Anthropologists, knowing that the objections to half-castes are cultural 
and not biologically founded, must say so, especially to the general public, and 
thus clear the ground for an honest tackling of the “ half-caste ” problem in 
this continent. 

Anthropology and the Administration of Native Kaces. 

My next illustration of the theme that science must make itself effective in 
the life and thought of people, is taken from a related sphere which should be of 
interest to all of us — the administration of native races — ^for we in Australia arc* 
directly concerned with our Aborigines and the natives of Papua, the Mandated 
Territories of New Guinea and Nauru, and in a less degree with aU the native 
races of the British Emi)ire. Good administration as distinct from repression 
and slavery is not based simply on a knowledge of what a native people can do 
for us or of what we can derive from its country, but (a) on an understanding 
of that people’s social and religious organization, (b) on the conviction that it 
possesses a pattern of culture which has been built up in t he course of its history 
aud which serves it more or less wc'll in adjtisting itself to environment and to 
the changes which occur iu the course of time, and (c) on a study of the*, facts 
aud problems of (fultural and “ racial ” contact and of change. Now these*, three* 
prerequisites of good administration are the special concern of social anthropology. 
A few administrators and missionaries had realised these facts, even though 
“ through a glass darkly ”, but it is only the spe*cialise*d work of trained social 
anthropologists during the past thre.e or four decades which has enabled us to 
understand the life of primitive societies ; aud, incidentally, to evaluate the 
commonly held cUchds, not all inoperative today, such as the savage is magic- 
ridden, weighed down by superstitions and overwrought by fear ; he has no laAv, 
and y('t is helpless in the power of tradition and cons<*quently is ultra-con- 
servative ; he cannot adapt himself to our culture, but is a m(*.mber of a child-race 
and must be treated as a child ; and so on. 

As a result of research, we no longer regard the so-called savage as a queer 
individual with a number of strange beliefs and quaint and maybe horrible 
customs which it is interesting to record, before his old ways have been com- 
pletely changed, or he and his fellows have ceased to exist upon the earth. 
This is the view of the collector — the museum-exhibit attitude. Instead, w(* 
now have a living and dynamic approach, sometimes called functional. We look 
at primitive society as a living whole, the present stage in an historical process. 
This society, just as in the case of a civilised society, consists of its individual 
members grouped in various ways on the bases of contiguity (locality), kinship, 
age, sex, economic pursuit, religious cult and one or more social interests. Thus 
there are families, kinship groups, occupational groups, sex and age groupings 
and cult groups. Claus, moieties, social ranks, castes and political groups are 



found in some primitive and other societies.^® The actual forms and numbers 
of these groups depend on historical happenings and conditions, such as the 
environment, the economic situation (food supply aad possibilities of developing 
arts and crafts), the size of population, contact with other peoples and cultures, 
and the rise of leaders. But the point is that the various groups of any one 
society function together, and society’s task is to maintain a state of equilibrium — 
not necessarily static — a condition which will be reflected in the lives of its 
individual members, for each one is a member of several if not of all the different 
types of groups in his society, religious, occupational, sex, age, kinship, clan, 
family and locality. He has several loyalties, and on the working out of a 
system of loyalties depends not only his own mental and social well-being but 
also the well-being of society. Of course, tradition helps in this. Thus life, 
even in a primitive society (Papuan or other) is a social task which has relation 
to the history and culture of that society and none other, 

Society, however, as this reference to culture reminds us, is not only a 
grouping of human beings in various ways, enabling them to live and reproduce 
their kind in an orderly way. It is also the means by which an heritage of 
culture is built up, preserved, modified, added to and handed on from generation 
to generation. In this process the various groups in a society have their 
particular functions and, in turn, are themselves built up and modified by the 
culture. Culture is society looked at from its time aspect. It is the accepted 
way of dealing with the problems of the environment and of life in general, and 
includes the social, economic, scientific, aesthetic and religious institutions and 
the intellectual and emotional attitudes which have been adopted and modified 
and handed down during the society’s history — a process which is continuous. 
Moreover, as the history of any particular society is its own history, so its culture, 
which is an historical process of adaptation, is peculiar to it. The society’s 
structure, culture and history constitute a dynamic unity. As a result, a 
modification of the culture must cause some change in the social structure 
(that is, the groups and their mutual relations), and, conversely, a changes in 
fundamental social forms such as the family, clan, social ranks or local grouping, 
brings with it a change in culture and the associated modes of behaviour. In 
either case, such change causes some alteration in the society’s course as set 
by experience in the past. If the change, whether it originate within or without 
the society, constitute too great a break with the past, and in the adjustment 
to the total environment, a social and cultural revolution results, with its conse- 
quent disintegration. This may be only temporary, or else so fundamental that 
cohesion is not recovered. In the case of some peoples, too, depopulation 
follows. Unless structural and cultural changes can be linked on to the past 
and accepted by individuals as their own decisions, psychological and sociological 
disasters ensue. 

Such are some of the principles which are established by a study of society 
and change — which indeed have been revealed by happenings in both the 
primitive and civilised worlds during the past hundred years. Therefore, seeing 
in the first place that the contact of civilised peoples with peoples of primitive 
cultures, through settlers, missionaries and administrators, has caused and must 
cause such revolutions in the lives of the primitive peoples concerned ; and in 
the second place that social anthropologists are aware of the consequences 
which must follow, it is surely their bounden duty to do more than academically 
analyse the situations and record the results of their investigations. They 
must also endeavour to constrain the governments, administrations and 
missionary organisations to accept and act on sociologically determined results 

** Vide A. P. Elkin, Society, the Individtud and Change, Lecture 1, especially pp. 15-30. 

“iWd., Lecture II, especially pp. 49-53. 
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and principles, and at the same time they must proclaim the latter without 
ceasing to “ Everyman ”, for in the final analysis he is the government, 
administration and missionary society. 

Once again, it is a case of social propaganda, and the specialist must b<* the 
propagandist. I have found this to be so with regard to the Aboriginal problem 
in Australia. In this problem, as in all problems of racial and cultural contaid , 
principles of humanitarianism and justice are evoked, but by themselves art^ 
frequently — sometimes correctly — attributed to a sentimentality divorced from 
knowledge. But a campaign based on sociological analysis of the situation, 
and on an understanding of the cultures and of the process and effects of change 
is quite another matter. In a democratic country it must eventually succeed. 
In this, as in all spheres of human activity, knowh*dge and undiirstanding mixst 
triumph, even against vested interests or indifference. This, of course, is the 
fundamental reason why t he victory of democracy is so essential in the pres<'nt 
war. 

I therefore suggest that social anthropologists, with tin* support of those 
scientific societies which are in a position to evaluate their results, should set 
themselves the twofold task, first, of disseminating amongst, the public generally 
a knowledge of the established facts and i)rinciples regarding native peoples 
and their cultures and the problem of ‘‘ racial ” contact., and, in the second place, 
the task of constraining the governments, administrations and missions which 
are concerned with the Aborigines and the peoples of New Guinea and Papua, 
always to base their policies and actions on thc'se facts and principles, for 
sociological science can be applied in such spheres just, as clu'inistry and physics 
are applied in indtistry. 

Scientific Study of our own Society. 

But, as I have implied, what is true of ixrimitive societies is true also of 
civilised societies, including our own. Structure, culture and history are 
interrelated, and change is ever upon us, arising from within or without, or both. 
The immediate cause of such change may be economic, social, political, religious 
or ethical in nature. Moreover, a change in one sphere will usually cause changes 
in other spheres. Possibly the greatest and most effective as well as the most 
disturbing change these days is the phenomenon of war. This is not the reaction 
of an instinct of pugnacity to an appropriate stimulus. It is the result of an 
act or a series of acts of decision which are made by a number of persons for the 
purpose of attaining some desired end or maintaining the status quo. But as 
war is a communal, that is national, effort, the l(*aders of the nation have to 
obtain the co-operation of “ Everyman ”, and this m(*aus i)ropaganda, whether 
in democratic or totalitarian countries. While the propaganda may seem to 
be more thorough or even ruthless in the latter countries, the changes which are 
wrought in democratic coimtries by war measures, including propaganda, are 
relatively greater. We tend, and indeed endeavour, to become in practice 
totalitarian or at least a planned unit, while at the same time remaining, as far 
as possible, politically democratic. This implies an important social change, 
which, if it lasts long, will modify the very structure of our society, made up as 
it is in no small measure of semi- or almost completely independent groups 
(employers, investment companies, labour organisations, reli^ous poups, 
etc.) ; and such change will have repercussions in the economic, social and 
political life. Indeed, the very organisation for war inaugurates or accentuates 
changes which cannot be arrested — changes in the relation of the individual to 
society, in the position of women, in the balance of the sexes, and in population 
figures, while war itself raises important problems in the spheres of ethics and 
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religion.^* As a eoasequence of war, the social, economic, political, ethical and 
religious aspects of a nation’s life and structure receive severe shocks : equilibrium 
is disturbed, and the course of history is altered. In other words, society, which 
is continually in a process of change, is hurled by a “ total ” war almost headlong 
into a vortex of change. 

This is vital to us, and hence we hear already of planning for reconstruction 
after the war — ^but let us remember that this cannot be reproduction of the 
pre-war life. If the transition to peace conditions and the building of a “ new 
world ” are not to be fraught with disaster, we must do more than think in terms 
of economics or administration. We must see whether there be any laws 
revealed in social structure, cohesion and change, and if the sociologists tell us 
that there are, as they will, then ascertain in what way those laws are functioning 
in our own society and rest not until schemes of reconstruction take full account 
of them. 

Once again constructive propaganda is required, and social anthropologists 
and sociologists must be the propagandists. They must show those in authority 
that they have a practical and essential contribution to make to the ordering, 
changing and reconstruction of society, and convince the governments that this 
contribution should be used. At the same time they must disseminate the 
sociological outlook to “ Everyman ”, so that it will become natural for those in 
authority to seek and use the help of this social science whenever important 
changes are contemplated. 

This task will not be easy, for in Australia we have up to the present ignored 
sociology. There is no chair or lectureship in sociology in any of our universities, 
though an introduction to it is included in the Anthropology II course at the 
T 'n i versity of Sydney. But sociology should be provided for in all our universities 
and secondary schools. Surely it is important to know and understand our 
own society and our individual relations to it — even though instruction in some 
other subject has to be omitted : mathematics for some children, Latin or 
ancient history for others, and so on ! The opinion has recently been expressed 
by a Cabinet Minister that we should have in this State a university department 
of rural sociology. I agree, provided that it is associated with a department of 
sociology in general. May they both be established in the near future ! 

In this connection it is interesting to notice that while there are only a 
ft‘w university departments of sociology in western Europe, the smaller and 
“ newer ” cmmtries in south-eastern Europe seem more willing to accept sociology 
and to provide it with the opportunity to justify its existence. “ Very intense 
teaching and research in sociology ” existed in the former state of Czechoslovakia, 
where there were three departments of sociology (Prague, Brno and Bratislava). 
Bumania exhibits an “ exceptional understan^ng for sociology ” ; a quite new 
school of sociological method and thought had been built up in the department 
of sociology in the Bucharest University, and special attention is paid to rural 
sociology. Finally, there are six universities and colleges in Yugoslavia in 
which there are departments of sociology, all recently established.^® If by 
chance we are overwhelmed by the great development of sociological teaching 
and research in America, in schools, colleges and universities, with its various 
specialisations (urban, rural and Negro), let us look at these small countries, 
take heart, make a beginning, and go forward. 

“ On this section, vide. A. P. Elkin, Society, The Indwidital and Change, Lecture III, especially 
pp. 70-91. 

‘‘Nicholas Mirkowich, “Beginnings of Rural Sociology in Yugoslavia”, Rural Sociology, 
Vol. V, No. 3, September, 1940, pp. 351-4. 



PRESIDENTIAL ADDRESS. 


19 


Science, Education and Everyman. 

My theme has been that there are occasions when scientists must be 
propagandists so as to ensure that their special knowledge is used by the com- 
munity and its leaders, in peace and war ; and in the refrain after each example 
I have pointed out that the general public, “ Everyman ”, as much as the 
leaders must be the object of this campaigning. Now obviously this would not 
be necessary if during the years at school every boy and girl (“ Everyman ” 
junior) were inspired with the scientific attitude to the proWems presented by 
life, and in simple form with those scientific results which should form the mental 
stock-in-trade of “ Everyman ”. Let me enlarge a little : while selected (or 
self-selected) children will always be encoxiraged to study one or more scientific 
subjects (chemistry or other) to the Intermediate or Leaving Certificate standard, 
all children should be given some idea of the ground covered by the chief scientific 
disciplines, of the attitude and methods adopted by scientists and finally some 
idea of the most significant results of each of these sciences for the life of “ Every- 
man For example, from the introduction to astronomy could be drawn 
an appreciation of the concept of order in the universe as well as some under- 
standing of the marvels of the sky, and above all, an inkling, if not a grasp, 
of the absurdity of astrology ; from physiology could be derived not only 
enlightenment regarding procreation and its wonder, but also such knowledge 
regarding illness and disease that the phantasy of Christian science and the 
shallowness of “ medical ” quackery will bi-. seen through in advance ; from 
anthropology could be learnt facts about the human races, nations and cultures 
which will engender an understanding of, and respect for, other peoples, the 
facts, too, that war is not inevitable in the sense of springing from man’s biological 
make-up, and that mixed bloods do not inherit vices of both their constituent 
races ; and so on from sociology, psychology, zoology, botany and physics. 
Of course, the teaching would be graded for primary, intermediate, and leaving 
forms in schools, but if done in an intelligent way would add much knowledge, 
interest and balance to the life of “ Everyman Eventually, too, as a res^t 
those in authority in the State and in industry would possess the scientific 
attitude and would know and be expected to know the value of science. More- 
over in this way society would be fulfilling its task of handing on to successive 
generations the results of its experience — ^not only the experience of trial and 
error in practical life, but also the experience of the scientist, which is gained 
through trained observation and the search for natural laws, through experiment 
and research. 

But the imparting of the scientific attitude and the dissemination of scientific 
knowledge should not terminate with the close of school. The churches do not 
confine their efforts at indoctrination to the Sunday school, nor the Communists 
to their youth organisations. Education is a life-long process, and if science is 
worth while, its specialists should from time to time impart to “ Everyman ” 
senior, in as widespread and understandable a manner as possible, the significant 
results of their special research, as well as a better imderstanding of the fields 
and methods of their own branches of science. Finally, as I have tried to show 
throughout this address, it is their duty to “ speak ” out when by impartation 
of their assured knowledge needed warning or help can be given to both govern- 
ment and people alike. 

Of course, this contact with “ Everyman ” implies the co-operation of 
learned societies, universities, newspapers, publishers and broadcasting 
commissions and companies. Learned societies, such as our own, and the 
universities are doing a little by arranging popular lectures. Publishers are 
for financial reasons naturally hesitant, and so the provision of special publication 
funds is required. Newspapers and broadcasting authorities could do much 
more than they do. “ Everyman ” is really much more intelligent than many 
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newspapers and broadcast programmes would lead us to believe. Eegular 
articles and talks on their own subjects by specialists with some facility for 
writing and speaking respectively — ^in ail newspapers and over aM broad^sting 
networks — would do much good, such articles and lectures to cover all scientific 
fields, including the social disciplines, and to be concerned with methods and 
approaches, as well as with descriptions of inventions and processes. In these 
various ways, during school and adult life, we will eventually reach the stage 
when we can truthfully speak of a scientific age. 

Needless to say, I do not imply that the only scientific research which 
counts is that which can be seen to bear on definite technical and social problems. 
Ultimately, no doubt, all scientific research does so bear, but in the meantime 
scientists do their research in many cases solely to extend the boundaries 
of knowledge and to understand better the world and man’s relation to it. But 
even so such knowledge and understanding is for “ Everyman ” — ^it belongs to 
society, and must be woven into its culture. In the long run all knowledge 
affects living, for knowledge is life, and the scientist is not a miser, hoarding up 
his knowledge, but one who shares it Avilfingly, though not ostentatiously. It 
is the welfare of society and the good of “ Everyman ” which are fundamental, 
and to that welfare and that good scientists constitute one contributing group, 
and one of no little value. Its talents must not be hidden, but invested in the 
life of the nation. And who are the investors ? Surely none other than scientists 
themselves. 

We must remember, however, that science does not provide the only attitude 
and equipment with which “ Everyman ” lives or necessarily wiU live in this 
world, meeting its problems and experiencing success and failure, joy and sorrow. 
Science gives knowledge and knowledge power, but our knowledge is still very 
far from complete and therefore our power is limited. And out of his ignorance 
and weakness “ Everyman ” seeks other sources of enlightenment and strength — 
concerning the validity of which there will be differences of opinion for a long 
time, perhaps always. Moreover, as Sir James Frazer reminded us at the end 
of his twelve- volume search for the significance of the “ Golden Bough “ the 
history of thought should warn us against concluding that because the scientific 
theory of the world is the best that has yet been formulated, it is necessarily 
complete and final ... it may hereafter be superseded by some more perfect 
hypothesis, perhaps some totally different way of looking at the phenomena, 
of which we in this generation can form no idea,” In the meantime, let scientists 
be one group which will say tc “ Everyman ” 

“ I will go with thee 

And be thy guide ; 

In thy most need 

To go by thy side.” 



THE EFFECT OF THE SYNTHETK^ (E8TKOOEN8, STFLEtESTliOL AND 
HEXGBSTROL ON THE POUCH AND S(’ROTUM OF TRICHOSUKUi^ 

VULPECVLA. 


By A. Boluger, Ph.D.. 
and A. J. (’anny, m.k., h.s. 

(With Plate T.) 

{Mamiivript rennmf, Ap^il 17, 194!. UetuI, May 7, lUU.) 


In previous communications^ it has been shown that tlie ])onch and the 
s(*rotum of the common Australian ])halanger or possum (Trichosnrus vulpecula) 
show marked reactions towards th<‘ administration of tln^ esters of naturally 
occurring oestrogens. In the present communication it will be shown tlie 
synthetic oestrogens such as stilbu'strol (4: 4' dihydroxy>a, fi-diethyl stilbcun^) 
and hexmstrol (4 : 4' dihydroxy-a, fi-diethyl dibenzyl), which have no direct 
(4iemical relationship to the naturally occairring a*strog(*ns, hav(* a similar 
a(*tion. 

(A) The Action of Stilbcestrol and 1Iex(estrol on the Pouch. 

The well developed pouch of Trichmurus vulpevula has reccmtly b(‘(Ti 
(l(‘S(*ribed.<^^ Furthermore, it has been demonstrated that tlu^ administration 
of (estradiol Ixmzoate and a\stradiol dipropionat(* as w(dl as (estrones produ(i(‘ 
hy])(‘rtrophy of the muscle situated in the lips of the* pouch and s(*(*retlon of 
pigment within the poiudi. With largc^r doses a markcMl contraction of the 
])ou('li was produced. 


Experimental. 

Two fully grown female phalangers wc^re injectcMl with an oily solution of 
stilbd'strol, thive with stilbcestrol diprox)ionate, and two with lu^xcestrol. 
Ilefore injections were begun these animals had pouches of varying siztss, a factor 
whi(*.h depended upon whether the animal was in cestrus or had had a young 
rcH'ontly. Generally speaking, they all responded to tlu' injections with tlu* 
iliflerent artificial (estrogens in a similar manner. The lips of tlu^ i)ouch becanu' 
markedly thickened, and the cavity of the pouch d(‘(*reased in siz(\ The thr(M‘ 
animals which received the dipropionate of stilbcestrol suc(‘.umbed with signs 
and symptoms indicative of renal failure^ within a fortnight of the commencHTiient 
of the experiment-.^^^ Th(‘ remaining four survived for an indefinit.(‘ p(‘riod. 
Although thes(‘ animals lost weight during the p(^riod of immediat(‘ a(*tion of th(‘ 
drug, they subsequently incTeased in size and weight till th(\v wen^ both larg(*r 
and heavu^r than at the beginning of the (‘xp("riment. Threi^ of thes(‘ (‘X])(Tim(ut.s 
will be given in detail. 

Experiment SI. The fully grown phalanger weighing I -U kg. which was used in this tuvptn'i- 
inent had had a young one approximately a year ago. At the eommeneement of the experiment 
(S.8.40) its pouch appeared to be in a state of an oestrus. It was about 1 cm. in depth and prac- 
tically dry. One day after the injection of 0*9 mg. (jf stilbcestrol intramuscularly, the low^er 
margin of the pouch was found to be thickened. The right nipple, to which tlie young had 
previously been attached, and its mammary gland, appeared to be more prominent tlian before. 
H May 7, 1941. 
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Thei*e was also a slight suggestion of moisture in the previously dry pouch. The next day (10.8.40) 
the depth of the pouch was only about 0‘ 6 cm. The lips were puckered and definitely thickened, 
particularly caudad. For the next three days similar conditions prevailed. The depth of the 
pouch became almost negligible and the lips remained thickened and firm. The right mammary 
gland was now a plaquedike stnicture of about 1 cm. in diameter and the nipple was definitely 
larger and firmer when compared with the conditions existing before the experiment began. 
There was only a slight increase in pigment within the pouch. A week after the injection (15.8.40). 
the depth of the pouch had increctsed again to 1*0 cm. and coloured threads of hair provideil 
evidence of pigment secretion on the right nipple. The lips were still thicker than at the 
<;ommencement of the experiment. 

Some days later (20.8.40) another injection of 0*9 mg. of stilboestrol w€w given. The 
response of the pouch seemed to be more marked than after the first injection, €md two days 
after this administration of stilboestrol the lips were found to be very thick and definite small 
droplets of fresh pigment were found here and there in the interior of the pouch. The right 
nipple and mammary gland were very firm. For about ten days the depth of the pouch was 
decreased as it had been after the first injection, . then it increased to about 2*0 cm., but the 
muscles situated in the lips of the pouch remained prominent. Five weeks after the first injection 
an intramuscular dose of 1 * 0 mg. of stilboestrol dipropionate was given. The effect was essentially 
the same as that following the administration of free stilboestrol but seemed to be rather more 
intense and of slightly longer duration. After its contraction the pouch increased again and 
about seven weeks after this last injection this organ had a depth of 4*0 cm. This large pouch 
was found to persist for another three months. The cmimal itself, after an inkial loss of weight 
of 0*2 kg. during the period of injections, weighed 2*4 kg. at the termination of the experiment. 
The phalanger, therefore, showed a gain of weight amounting to 0*5 kg. compared with its initial 
weight. 

Experiment S3. The animal used in this experiment was a mature female which about one 
month previously had lost a pouch young of some 12 cm. in length. Involution of the pouch 
was incomplete when the experiment began. Its depth was 4*5 cm. and its maximum width 
8*0 cm. Some dried pigment was present on the slightly moistened surface of the pouch. An 
intramuscular injection of 1 • 5 mg. of stilboestrol was given (4.9.40). Four and a half hours after 
the injection the lips of the pouch were taut and the interior was very wet. On the following 
day the lips were still tense and appeared to be thickened. The depth of the pouch had decreased 
to 3*5. Five days after the beginning of the experiment (9.9.40) the thickened lips had assumed 
a cord-like form. At this stage the depth of the pouch was about 3*0 cm. and its maximum 
width 5*0 cm. On this day a second dose of 1*5 mg. of stilboestrol was injected. Within 
the next 24 hours (10.9.40) the pouch became very moist and more pigmented and its depth 
decreased to 2-5 cm. Two days later (12.9.40) the lips of the pouch were puckered and the 
depth was only 1 • 5 cm. On the 13.9.40 it had become about 0*6 cm. deeper. The depth continued 
to increase during the next few days till it was again 4*5 cm. Another injection of 1 *5 mg. 
stilboestrol was then given (16.9.40). The subsequent changes in the pouch were essentially 
the same as those following the earlier injections and a minimum depth of 2*5 cm. was reached 
three days after this last injection. The pouch then enlarged again and reached a depth of 
4*5 cm. two months after the last injection. This large pouch persisted for another two months 
while the animal was under observation. 

At the beginning of the experiment, the animal weighed approximately 2*0 kg. Shortly 
after the injections had been concluded the animal weighed 1 • 7 kg. After this it slowly increased 
in weight and three months after the last injection the animal weighed 2*6 kg. 

Experiment S5. This experiment was executed for the purpose of ascertaining if the opening 
of the pouch moved its position while the pouch itself was undergoing contraction. For this 
purpose the hairs covering the lower abdomen of a mature female (S6) were removed. Then 
two straight lines were drawn across the abdomen with silver nitrate at right angles to the long 
axis of the pouch opening and touching its upper and lower ends. After the lines became visible 
they were photographed and the animal then was injected with 2 mgm. of stilboestrol dipropionate 
(3.10.40). The pouch, which measured only 1*0 cm. in depth before the commencement of the 
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injection, contracted considerably and was found to measure only 0-3 cm. in depth four days 
after the administration of the stilboestrol. The lines drawn with silver nitrate which wew 
originally straight had now become slightly bent in such a fashion that the apex of the <!urve 
lay on the mid-line and was pointing cephalad. This seemed to in<lit‘,ate that the lips of the 
pouch had been pulled cephalad. 

(B) The Action of Stilbosstrol and Hex(estrol on the Soeotum. 

In a previous communication* it has been reported that in immature 
male phalangers injected with “ a^stroform ” (B.I).H.) brand of cestradiol 
benzoate, the testes and epididymes leave the itrepenih* scrotum and become 
situated imder the skin near the inguinal area. This process was called testicular 
ascent. In older but still sexually immature animals this reaction was slower 
and less complete, and only after the administration of largti and ultimat<*ly 
lethal doses of u'strogens could a compleb* unilateral ascent be obtained. In 
sexually mature animals the testes remained confined to the scrotum even after 
the administration of very large doses of testrodiol benzoate. However, in one 
case it was observed that the l(*ft testicle, although still completely confined to 
the scrotal sac, became tightly wedged in the very short scrotal neck. 

In the present commimication it will be shown that, the* synthetic oestrogeus 
stilboestrol and hexoestrol exert a similar action. Observations additional t<» 
those alr(‘ady published in connection with lh(‘ naturally occuTring honiKme.s 
will also be related. 


Experimental. 

Two sexually mature males and one sexually immature mah' were inject I'd 
with stilbtpstrol. Four sexually mature specimens wen* in jected with stilbu'strol 
diproj)ionate and one with hextestrol. In all these experiments there was noted 
a shortening of the scrotal neck. In experiments of sufficient, duration and 
after the administration of a sufficiently large dosage a decrease in size of tin* 
testicles as well as the cessation of spermatorrhoBa*** was observed. In the 
ca8(‘ of a fully grown but sexually immature mah* (S.51) complete, bilateral 
testicular ascent was obtained after injection of stilboestrol. Subsequently the 
scrotum reformed, the testicles descended, and spermatozoa appeared in the 
urine. This particular experiment and another will be given in full detail. 

Experiment Sol. This experiment was cumduct^d over a period of six months. Before the 
beginning of the injections the body weight of the animal was 20 kg. and on the examination 
of the urine no spermatozoa were observed. Only one urine examination was performed before 
injections were begun. The testicles appeared to be of about normal size but the neck of the 
scrotum measured onlj^ about 0-5 crn. when extended, giving the scrotum the appearance of a 
sessile structure. Over a period of three weeks the animal was injected with a total of 4 • o mg. 
of stilboestrol averaging about 1 • 5 mg. per week. After the injections wore completed the weight 
of the animal had decreased to 1-6 kg. It was drinking large amounts of water and it was 
swollen around the eyes as if oedematous. About three weeks after the cessation of the injection 
the health of the animal had improved considerably. Its testicles, however, were only about 
3/5 of their original size, but the scrotal neck wae still very short and practically absent. One 
month after the last injection it appeared as if the right testicle was beginning to leave the scrotum, 
and a week later the right testis had completely ascended and became lodged under the abdominal 
skin, while the left testicle was still in the scrotum. In another week the left testicle had also 
left the scrotum euid was situated under the abdominal skin. At this stage the testes ami 
epididymes appeared to be elongated as compared with their original form, which was almost 
spherical in appearance. The empty scrotal sac had completely collapsed, forming an area of 
wrinkled skin flush with the abdominal wall (Fig. 1). Demarcating the scrotal ai-ea semi-lunar 
folds faintly suggesting a rudimentary pouch were sometimes observed. At this stage the 
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aiiimal weighed 1 * 9 kg. and appeared to be in reasonably good health. The urine contained no 
spermatozoa and was also free from casts, which had been noted in previous weeks. 

This state of complete testicular ascent persisted for one month. Then the left testicle 
began to bulge out again into the scrotal skin and a fortnight later the left testis had gone back 
completely into the scrotum (23.12.40). By this time the right testis began to show signs of 
imminent descent, which was completed within another week. At this juncture the scrotum 
formed a sessile structure possessing a maximum diameter of about 4*3 cm. The ^\idth of each 
(c.stis. which was with its epididymis again aasuitiing an almost spherical shape, was about 
1*7 cm. The skin of the reformed scrotum was thin and soft like that of a newborn baby. 

This status, which was very similar to the one existing before the injections were begun, 
pei'sisted up to the end of the sixth month of this experiment. Up till then no spennatorrhoca 
was observed at any time, although the animal must have reached the age of sexual maturity 
several months previously. On standing the urine took on a dark brown colour as is generally 
observed to a varying degree in this species. On the hairless skin around the scrotum the secretion 
of a brown pigment similar to that seen in the pouch of the female was noted. This secretion 
oc(jurrod directly in front of, and particularly behind, the scrotum over a rounded area of about 
4 cm. diameter. 

In the seventh month of the experiment the appearance of spermatozoa in the urine \^as 
noted. At first they did not seem to be numerous and frequently they were deformed, but a 
few days later they became numerous and with a few exceptions appeared to be normal. On 
several occasions a few of the spermatozoa were found to bo motile. At this stage the weight 
of the animal was 2*4 kg. 

Experiment HdO. This animal of 2*3 kg. of body weight received injections of 2 mg. of 
ht^xcfistrol twice a week over a period of four weeks. Speimatorrhma was present before the 
injections were begun and })ersisted during the first tw(> weeks. After this no further spennatozoa 
were obserxed in the urine. Jioforo the experiment was begun the scrotal neck measured T) cm. 
in length, whilst the maximum diameter of the scrotum was 4*0 cm. Four days after the first 
injection (8.12.40) the scrotal neck had decreased in length by about 1*0 cm. and after six days 
this organ had diminished to half its original length. Four weeks after the first injection the 
scr(3tal nock had almost completely di.sappoarod and the scrotum became a sessile structure. 
The testes had considerably diminished in size and consecpiently the maximum width of the 
scrotal sac had been reduced to 2-5 cm. After the termination of the injections the maximum 
<liameter of the scrotal sac slightly increased again to 3*0 cm. The scrotal sac appeared to be 
thic^kened and had a felt-like texture for a period of about two weeks after the injeettions had 
been terminated. During the same period the animal lost weight and its body weight diminished 
to 1 • 7 kg. T^he animal romaineii in this poor condition for about a month, the only change being 
a lengthening of the scrotal neck to about 2*5 cm. Then it began to increase in weight and three 
and a half months after the beginning of the experiment the phalanger had reached again its 
original weight (2*3 kg.), the scrotal neck now measured 4*0 cm. in length, and the maximum 
diameter of the scrotal sac was also 4-0 cm. (Fig. 3). Spermatozoa reappeared in the urine 
although in comparatively small numbers. Within another fortnight they became as numerous 
as they w^ere before the experiment was started. 

Discussion. 

These expe^riments indicate that the Ksynthetic (estrogens (stilbavstrol and 
hexoBStrol) act very much like the esters of the naturally occurring Oistrogen 
(Bstradiol as far as the pouch and the scrotum of Trichosurus vulpecula are 
concerned. Medium and large doses bring on a contraction of th(^ pouch, which 
is accompanied by hypertrophy and contraction of the pouch muscle. In the 
male the neck of the scrotum becomes shortened, and in young animals which 
may be fully grown, though not yet sexually mature, the testes and epididymes 
may actually leave the scrotum and become situated under the skin near the 
abfiominal ring, while the scrotal sac atrophies. 
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The present experiments with synthetic (estrogens bring out certain points 
which enlarge our (joncept of the action of (estrogens on the phalanger. For 
(jxample, the marked shortening of the long scrotal neck, which is due to a 
shortening of cremaster muscle in sexually mature males, though observed, iiad 
not b(‘en emphasised before. This reaction is imdoubtedly similar to tlial 
observed in younger animals where actual testicular ascent occutt(*(1 but wh(*re 
primarily only a very short scrotal neck was present. In lh(‘ older specimens 
with a scrotal neck of 4 or more centim(!tres in length considerable contraction 
(approx. 4 cm.) has to occur before, the testes are close to the abdominal skin 
as observed in our experiments. On the otln-r hand, in the case of the sessile 
scrotum of the younger animal, a similar or ev(!n a smaller contraction would 
pull the testicles out of the scrotum and bring them under the skin in front of 
the abdominal ring. 

Similar action should be expected in the case of the (‘omprrssor manmtr. 
which is the female homologue of the cremaster in lh(* mah*. This may well 
b(5 the case, because, when the pouch diminishes in size under the action of the 
a^strogens, there is also a slight but definite movement of the mammary glands 
cephalad. For example, in a large pouch the mammary glands are* situat(‘d 
practically over the p(dvic girdle. In th(* case of a marked contraction th(>y 
may b{‘ situated near the ant(*rior end of the marsupial bom*. 

In view of this observation it seems most probable that th(* cnunaster in 
females {comprrsxor mamma") may undergo a process of short.(ming as in males 
and may assist in the (jontraction of the pouch, which apparently is brought on 
by all the muscles connected with this organ. Post mortimi (‘xamination of t Ik* 
cremaster in males and females treat.ed with (estrogens sugg(*sts that this muscle 
has shortened and thickened. 

By tracing the distortion of lin(‘s drawn on the abdominal wall it has b(*(‘n 
shown that the pouch opening mov(‘S cephalad when the pouch muscles contract. 
Such a (lisplac(*ment of the opening in relation to tin* floor of thi* i>ouch would 
increase the depth of the organ. The observ(*d decreas(* in the depth of flu 
pouch cannot to any extent be accounted for by changes in the relativi* positions 
of the opening and the floor excc'pt in so far as the floor movers cephalad to a 
great(*r d(*gr('e than does the opening. 

In addition to this conception of (estrogenic action on the cremast er of males 
and females several other points became more ch'arly definc'd in tin* course of 
this pr(*sent study. Previously testicular ascent had been produced by persistent 
administration of cestrogens, and with the exception of a v(*ry young male that 
had small but numerous injections all the animals died as a result of the experi- 
ments. The fat(f of the ascended testes following cessation ((f tlu* tr(*atment 
was, therefore, not observed. In the present investigation it was noted that 
some time after the administration of the drugs was suspended the testicles 
returned to the scrotum. These observations are another example of flu* 
antagonism b(‘tw(*en (estrogenic 8ub8tan(5es and the male st'x honnone, testo- 
sterone. The former cause shortening of the scrotal neck with contraction of 
the cremaster muscle, while testosterone produces an elongation of the scrotum 
associated with lengthening of the cremaster. 

All the animals treated lost weight while the injections w(ire given and hn- 
some time afterwards. This, in part, may have been (lue to the renal insufflciene.v 
produced in these animals and not due to the growth-hindering action of 
(Bstrogens. However, those animals which survived for one month after tlu* 
injections had ceased not only made up the weight lost previously, but they all 
became heavier than they were before the injections were begun. This group of 
animals was definitely heavier than a control group of similar phalangers which 
was kept in the laboratory on the same diet for a similar time. It is realis(‘d 
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that the group of animals under discussion is rather a small one ; notwithstandir^ 
this fact, these animals treated with stilboestrol and hexmstrol did not exnibit 
any growth-inhibiting reaction, but on the contrary their growth has, if anything, 
been stimulated by these hormones. 

The increase of pigment in the pouch was less pronounced than in experiments 
with natural oestrogens. In spite of frequent association with males none of 
the female phalangers which had been injected with artificial oestrogens has 
subsequently become pregnant. Bestoration of spermatogenesis in the males 
was shown by the reappearance of spermatozoa in the urine. 

SUMMAET. 

In the female of Triehoaurtm vtdpecula stilboestrol and hexoestrol produced 
hypertrophy of the pouch muscle and contraction of the pouch. 

In the male, cessation of spermatorrhoea, shortening of the neck of the 
scrotum, and decrease in size of the testicles are the most obvious reactions, 
but all of them are reversible. In the younger animals testicular ascent occurs, 
and in one experiment on an apparently fully grown, though sexually immature 
male, complete testicular ascent was obtained. Some time after the injections 
were terminated the testicles descended again into the scrotum and became of 
normal size. This was accompanied by restoration of spermatogenesis. 

These findings, which are similar to those observed after the administration 
of esters of oestradiol, have been discussed, and the shortening of the cremaster 
of males and females has been recognised as a manifestation of oestrogenic 
activity. 
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Dbscbiption of Plate I. 

Fig. 1 . — Experiment S51 . Complete testioular ascent three months after beginning injections 
with stilboestrol. Note the collapsed scrotal sac and the elevations on the abdominal skin lateral 
to it indicating the new positions of the testicles. 

Fig. 2. — Experiment S51. Redescended testes five and a half months after beginning the 
injections with stilboestrol. Note the thinness of the scrotal sac. 

Fig. 3. — Experiment H50. Three months after cessation of hexoestrol injections the scrotal 
neck has been restored ,to its previous length. At this stage the appearance of the scrotum is 
the same as before the experiment commenced. The scrotum had to be held in this extended 
position to prevent voluntary retraction. 
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MAGNETIC STUDIES OP COORDINATION COMPOUNDS. 

Part V. Binuclear Copper Derivatives op Diphenyl Methyl Arsine. 

By D. P. Mellor, m.Sc., 
and D. P. Craig, b.Sc. 


(Manuicript received, April 21, 2941. Read, May 7, 1941.) 


In order to explain the isomerism of two copper derivatives of diphenyl 
methyl arsine, first described by Burrows and Sanford,*^’ the following structures 
have been proposed. 

CL X ^AsMePh2 Ph2M«A*v. X H ,C1 

Ph2UeAa>^ ^Cl. — ' ’^AsMePhs Ph2MeA8'^ ^AsMePhe 

I» II. 

The isomerism depends essentially upon the difference in stereochemical 
properties of cuprous (Cu^) and cupric (Cu“) copper. Four covalent bonds to 
Oui are always tetrahedrally arranged as in CuCl. Quadricovalent Cu“, on the 
other hand, is characterised by square coordination, as in CuCl 22 HjO. There 
is no reason to believe that cupric copper forms other than predominantly 
covalent bonds in (I) and (II), since the extent of the covalent character of the 
bonds is determined largely by the electronegativity of the atoms attached to 
the metal. As arsenic is less electronegative than oxygen, the conditions for 
forming covalent bonds with Cun in (I) and (II) are just as favourable as in 
OUCI 22 H 2 O. Up to the present, the main evidence for the existence of copper 
in the two valency states in the above compounds has rested upon chemical 
analysis : the composition of each form corresponds to the empirical formula 
Cu2f3l3(Ph2MeA8)2. On account of its significance in regard to the constitution 
of these compounds it was thought worth while to check the existence of the two 
valency states by means of magnetic measurements. A satisfactory check of 
this kind will not, of course, prove the correctness of the proposed structures 
in the way that a complete X-ray crystal analysis would. Because, however, it 
is very unlikely that complete analyses of such complicated structures will 
be carried out for some time to come, the most promising line of attack on the 
constitution of these compounds lies in the accumulation of as much indirect 
evidence as possible. 

The magnetic properties of copper compounds which have been extensively 
studied by Sugden may be summarised as follows : Cuprous compounds are 
diamagnetic, a fact which is taken to mean that the cuprous atom contains no 
unpaired electrons. Cupric compounds on the other hand are always para- 
magnetic, with moments ranging between 1*7 and 1*9 Bohr magnetons, that is, 
the cupric atom contains one unpaired electron. Thus if formulse I and II are 
correct, each molecule should contain one unpaired electron. 

Experimental. 

The nuun. objects of these additional notes on the preparation of the compounds are (1) to 
draw attention to certain significant colour changes which occvir in the course of the preparations. 
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and (2) to specify more definitely the conditions for obtaining the blue form free from the brown. 
To make the brown form, diphenyl methyl arsine (1 mol.) was slowly added to an alcoholic 
solution of cupric chloride (1 mol.). The dark brown colour of the alcoholic cupric chloride 
solution slowly disappeared owing to the almost complete reduction of the cupric ion. On allowing 
the solution to stand about 12 hours the brown colour reappeared, owing to aerial oxidation of 
some, at least, of the cuprous copper. 

To make the blue form, cupric chloride dihydrate (1 mol. 12*2 gm.) w€ks dissolved in 50 ml. 
of boiling alcohol and diphenyl methyl arsine (1 mol. 17*5 gm.) was then added drop by drop over 
ten minutes. The resulting pale brown solution was kept between 50° and 60° for 45 minutes. 
Sufficient aqueous alcohol (2 parts alcohol : 5 of water) was then added to bring the total volume 
of the solution up to 800 ml. This volume of aqueous alcohol was found to be sufficient to hold 
up the white cuprous compound (CuPhaMeAsCl). At this stage the solution was water white. 
If air were excluded from it no colour change occurred, but on allowing the solution to come 
freely into contact with the air it slowly developed a blue colour closely resembling that of cupric 
sulphate, and, after about 24 hours, crystals of the blue form began to separate. Once again the* 
marked colour change indicates aerial oxidation of part, at least, of the cuprous copper. Chemical 
analysis and magnetic measurements show that only part of the cuprous copper is oxidised. 

As already pointed out,^^^ both forms can be recrystallised from nitrobenzene. The appear- 
ance of the blue form when recrystallised from nitrobenzene is somewhat altered. Instead of 
being a sky blue it takes on a more greenish hue, presumably because it separates in smalU*r 
crystals. Examination of the ploochroism of the two sets of crystals under a polarising microscopt* 
and chemical analysis show that they arc the same substance. 

Since the compounds were previously analysed for Cu, Cl and As only, it was decided to 
check and extend the analyses to all constituents. The following results were obtained : 



Cu 

Cl 

As 

C 

H 

Blue forni* (from aqueous alcohol) . . 

% 

139 

1 

0/ 

/o 

10*5 

0/ 

/o 

22*1 

0/ 

/o 

45*1 

0 

' /O 

4* 1 

Blue form* (from nitrobenzene) 

13*8 

10*5 

22*0 

44*7 

' 40 

Blue formf 

13*1 

10*8 

221 

— 

Brown form* 

! 13*9 

10*6 

22*3 

44*9 

3*9 

Brown formt 

1 13*2 

1 

i 10*9 

! 22*6 

1 

— 

- 


There is no doubt that the two forms have the same composition.t This evidence, in 
conjunction with molecular weight determinations, makes it clear that the two compouniis are 
isomeric. The low results for carbon are very puzzling and as yet no explanation for them can 
be suggested. One possibility that suggested itself, but which was finally excluded, was that an 
arsine oxide might have been formed and coordinated with copper. Residues left after tin* 
separation of crystals of both the blue and brown forms invariably yielded, on long standing, 
flaky white ci*ystals of (C 5 H 5 ) 2 CH 8 A 80 . 

This substance, if present in the copper complexes, could account for low carbon. There is. 
however, no evidence that it is present. On passing dry ammonia over the blue and brown 

* Microanalyses carried out by Dr. G. Burger of the University of Adelaide. 

t Analysis by Burrows and Sanford. 

Calculated for Cu 2 Cl 8 (Ph 8 MeAs) 3 : Cu = 13*l%, 01 = 10*9%, As = 23*3%, H=4*0%, 
C=48*8%. 

J In order to test whether the blue form is a hydrate of the brown, weighed amounts of the 
blue form both in the coarsely crystalline and very finely powdered form were exposed over 
PfOg in voicyjo for two weeks. At the end of this time, although the finely powdered sample 
had become brown, no change in weight could be detected. 



MAGNETIC STUDIES OF COORDINATION COMPOUNDS. 


29 


copper complexes it was slowly absorbed with the simultaneous expulsion of the arsine, which 
on accoimt of its low volatility remained with the copper ammonia complex formed. By treating 
the residue (from the ammonia treatment) with methyl iodide and then extracting with ether, 
the arsine could be recovered as the methiodide.* 

Magnetic Measurements. 

Although a fairly largo tube was employed in these measurements, the change in weight of 
the^ substance due to the magnet u* field was rather small on acuiount of the large diamagnetic 
contribution of the molecule. Because of this the accuracy of the measurements is not high. 
As a check on the measurements, copper phthalocyanine, a substance which also has a high 
molecular weight and hence a large diamagnetic contribution, was measured. Its moment was 
found to be 1*72 Bohr magnetons, a value which agi*ees very well with that obtained by 
Klemm<^^(l • 73). As a matter cf interest, measurements were also made on the complex copper 
cyanide Clu 3 (CN 4 )(NH 3 ) 3 ,<^> the molecule of which should contain one unpaired electron. The 
experimental results are summarised in Table 1. 

Taulk 1. 


I 


Substance. 

I Molar Susceptibility. | 

Magnetic Moment 
(X (Jh>hr Magnetons). 

I . Copper phthalocyanine 

1 890 ’ 

1*72 

2. CujCIaiPhjMcAs), (blue) 

830 

l-79-(l-.'>) 

3. Cu 2 Clj(Ph 2 MeAs)., (brown) 

812 1 

1-78 

4. Cu,(CN).(NH3)3 

1 19.) 

1-78 


Some specimens of the blue form gave low results for the magnet ic. moment ([X — 1 *5) but no 
satisfactory (explanation could be found for these figures. The higher value quoted in the table 
refers to a specimen recrystallised from nitrobenzene. Magnetic moments were calculated on 
the assumption that the compounds followed Curie’s Law. The following calculated diamagnetic 
corrections (XlO**) w^ere used: 1.-338, 2.-515, 3.-515, 4.-125. 

Discussion. 

It can be seen that the results of the magnetic nK^asuremimts are consistent 
with the formulations I and II for the two isomers, but further work will be 
need(*.d before these constitutions can be considered as established. So far, 
all attempts to elucidate the structures by experiments on the fission of the 
binuclear complexes with various reagents have failed. 

The transformation of one isomeric form to the other, which takes places 
fairly readily, can be pictured as occurring in a very simple way — ^namely, 
by the transfer of an electron from the Oui to Cun. This transfer would bc^ 
accompanied by such changes in bond orientation about the copper atoms as 
would be determined by their new valency states. 

It is interesting to note that Mann and Purdie^^^ have recently described a 
compound very similar to (I) and (II). The compound, dibromobistripropyl 
arsine-n-dibromopalladinm mercury (III) is similar in the sense that it contains 
two metal atoms about which four covalent bonds are directed to the corners 
of a square and a tetrahedron respectively. The similarity extends to the fact 
that (III), like (I) and (II), undergoes dissociation in solution, but an important 


* Unpublished experiments with B. S. Morris. 
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difference arises in regard to the possibilities of isomerism. Isomerism of the 
type observed with the copper compounds cannot occur with (III). This is 
related to the fact that in the former the two metal atoms are uni- and bivalent 
respectively, whereas in the latter both metal atoms are bivalent. 


PrsAs 

Br- 


Pd 


II. 


.Br-^ "^Br 



Summary. 

Magnetic measurements show that the molecule of each form of 
Ou,Cl3(PhgMeA8)3 contains one unpaired electron. This is consistent with 
the structures previously proposed for these isomers. 
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PKOGEES8IVE EATES OF TAX IN AIFSTEALIA. 


By H. S. Carslaw, Sc.D., LL.D. 

(With 15 text-figuroR.) 

(Manutcript received, March 25, lyil. Head, May 7, 194L 


Introductory. 

Heavy expenditure on war purposes has made the Federal Government 
obtain from income tax a much larger revenue. As the State taxes on income 
are far from uniform, and the Federal tax must be the same throughout Australia, 
the Federal authorities are seriously hampered at all points of the scale, and 
not least in their dealings with high incomes. It sec'ms clear that the present 
position with regard to taxation of incomes cannot continue. 

Both Federal and State Income Tax Schedules are based upon a progressive 
rate of tax whose principle is little understood. It may b<^ helpful in present 
circumstances to give a simple and critical exposition of the system and of its 
use by Federal and State authorities. Only elementary mathematics is 
employed, but with the aid of mathematics a little more advanced the matter 
could be put more concisely and naturally. 


Progressive Eates in Federal Taxes. 

1. The simplest form of tax is that in which the rate is constant ; e.g. 
6 pence in the £. Next comes a graduated tax of which the following ntay be 
taken as an example : 


On so much of the Income as 


I The Rate of Tax 
I per £ shall be 



i 

8 . 

d. 

Does not exceed £500 . . 

..1 

0 

H 

Exceeds £500 but does not exceed 

£1,000 ! 

0 

8 

Exceeds £1,000 but does not exceed 

£ i , r )00 i 

0 

10 

Exceeds £1,500 but does not exceed 

£2,000 1 

1 

0 

Exceeds £2,000 . . 

. .. 1 

1 

2 


Let the amount of the tax on an income of be T pence. 

Then T=6x, when 0<a?<600. 

T=6x500+8(a;-600), when 500<.c<1000. 

=8i»— 1000. 

r=6x600+8x500+10(.r-1000), when 1000<.x<1500. 

=10a?— 3000. 

T=12it -6000, when 1500 <a5 <2000. 
and T=14j7— 10,000, when 2000 <iP. 

The amount of the tax on an income of &x can be read off from Fig. 1, 
by finding the area between the axis of y, the “ step ” function, the ordinate 
at X and the axis of x. 


Now bisect the segments in Fig. 1. It will be seen that the middle points 
lie on the line whose equation is 



( 1 ) 
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Fir. 1. 


lieferring to Fig. 2 and 
raising the ordinates at x =60, 
160, 260, etc., to this line, 
we see that a graduated 
tax in which steps of 2/6th8 

of a penny take place at 

intervals of £100, while the 
amount of the tax on incomes 
of £500, £1,000, £1,500 and 
£2,000 is the same as before, 
is as follows : 

On the 1st £100 there 
will be a flat rate of 
(5 -1-1/5) pence; 
on the 2nd £100 of 

(5 -)-3/r>) pence ; 
on the 3rd £100 of 

(5-fl) y)ence, 

and so on, till on the 20th 


£100 there will be a flat rate of 

it would be natural on the excess over £2,000 to make' the flat rate 13 pence 
in the £. 


Also, if we carry the steps down to intervals of £1, v'e obtain again from 
th(* line (1) the following scheme : 

On the Ist £ the amount 
of the tax will b(‘ 

(5 4-3 /500) pence ; 

on the 2nd £, (5 -f 3/500) 
pence ; 

on the 3rd £, (54-6/.500) 
pence ; 
and so on. 

The amount of th<‘, tax 
on the wth £ will b«‘ 


V 500 / 


]>ene,e, and on 


the 2,000th £ it will be 

(13-1/.500) pence. 

With this graduat.(*d tax 
it. would be still more natural 
to have a flat rate of 13 
pence in the £ on the exwiss 
over £2,000. 


>44 

(h 

9 

5j 

O. 

X 

ce 

H 

O 

"ce 



Irifiome ui 
Fig. 2. 

Then, with the above notation, on summing this arithmetical y)rogression, 
T=a;^g^y4-5|, when x is any positive integer not exceeding 2,000 


and I’=13a;— 8000, when x is greater than 2,000. 


2. On the other hand, if we start with a formula of the type 

T =x{ax 4-6) 

and subtract the tax on an income of £,(x—l) from that on an income of £x, we 
see that the ajth £ pays 

x{ax+b)—(x—l)[a(x—l)+b] pence, 
i.e., o(2a:— 1)4-6 pence. 
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Thus tlui 1st £ pays (a +b) pvnev, 

the Und £ pays (3a +1) pence, 

the 3rcl £ pays (5a-f-fc) pence, 

and so on, the amounts paid by each successivi* £ forming an arithmetical 
progression whose first term is (a+b) and common difference 2a. 

Writing Tja —R, it. is usual in Australia to call R the rate of tax for every 
£ of the income of £a?. 

Thus, when R=ax-]-h, tin* amount paid by each success! v(‘ £ (‘xcet'ds that 
paid by the preceding £ by 2a pence. 

A progn^ssion of this sort must stop at some figure or too much would be 
taken from each additional £ of tin* income. If it stops, say. at £5,000, and 
there is a Hat- rate on the excess over £5,000, it would obviously be wrong to 
make each £ of t he excess pay less than that ])aid by the 5,000th £. From the 
mathematical ])oint of vh'W it would be right to take “ the rate at Xq” for the 
flat rate on t he <‘XC(“S8 over Lt'o- * The rate at „ " is 2ax„-l~b and can be found 
by reducing the steps from inl(*rvals of £1 to gradually smaller and smaller 
intervals. 

Tin* progi'essive rate, when R is of the form ax i-b u]) to a c(*rtain value of x, 
and there is a suitably chosen fiat. late on the excess over that sum, is a natural 
extension of tin* simfih' graduated tax, where st(>])s of tlu' same size are taken 
at (iqual intervals, say of £100, up to a ciutain sum and there is a flat rate on 
the excess. 

3. There is a simple gra])hieal representation <►! flu* amount of the tax 
on an ineoim* of £.r, when T--x{ax+b). 

In Fig. .3, OM-^x. OH -MK 
KQ —ax -(^P. 

Then H(JI is the line y --ax \ b and 
HP is the line y --2ax \-b. 

Th(‘ area of the rectangle OMQR 
is x(ax-\-b) and the ar(*a (d the tra))ezium 
OMPH is the same as that of the 
rectangle. 

Thus the line y -2ax -|-fh by means 
of the area OMPH, provid<‘s a repre- 
sentation of the tax ])ayable when the 
rate R is ax 1-ft.’ Also, th<‘ tax on the 
.'rth £ is given by the area of the 
trapezium M'MPP', where OM-x and 
OM' =(x — \). namely (a(L*.r — 1) -f-A]. 

If a is snijili, this tax is approximately and is r(‘)»reseuted by the 

ordinate at x to the line 2ax t b. 

In Fig. 4 the line PqP^ is drawn through /'„ parallel to the axis of x. The 
area between this line HPqPi, the ordinate at any point, and the axes, repre- 
sents the amount of the tax, when the rate R is ax-^-b u]) to £./„ and tluTi* is 
a flat rate of 2ffl.ro f-/> in the £ on the excess over tr^. 

If the flat rate on the excess is c instead of 2ffl.r„-f-6, we have to use the line 
y~e in the diagram instead of the line y —2axo-\ b. 

4. In p we rt'ached the flat rate by only one progression. It would be 
natural to introduce another in the range from £*0 to £,r, with a smaller common 
difference, and perhaps even another, with the flat rate to follow. 


^ I am indebted to a retereo for this way of evading the Calculus. 
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Such a system is illustrated in Fig. 5, where it will be noticed that the line 
HPqPiP^ is continuous, and this requires that 

2aXo +b —2a'Xf, +b'. 


The Ist £ pays (a-\-b) pence 
„ 2nd £ pays (3a +6) pence 
„ 3rd £ pays (5a +6) pence 


> Common difference 2a, 


• • • • I 

and the £ pays [a(2a!o— 1)+6] pence. J 
Then the (a;o+l)th £ pays [a'(2a?o+l)+*'] pence® 

the (a;o4-2)th £ pays [a'(2iPo+3)+^1 pence ^ Common difference 2a'. 
and the aJith £ pays [a'(2.ri—l)-f6'] pence. J 



There is a flat rate 2a'Xy^-{-b' on the excess over iLxi. It will be seen that 
the amount of the tax on an income of £x is given by the area bounded by the 
line EP^iPif the ordinate at x, and the axes. 

When 0<®<a!o, T=x(ax+b). 

When Xo<x<,Xt^, T—x{a'x+b')+Xo{aXo+b—a'Xf^—b'}. 

=x{a'x+b')+i(b—b')Xo, 
since 2ajo(a— a') —(b'—b). 

5. One other remark is required before concluding this theoretical section. 
With the line y=2ax-\-b in the first interval, it might seem proper to take the 
lino y=2a'x-\-b' in the next interval from x^ to making aXf^+b^a’x^+b', 
with o' less than o. 


*This is (a+<»') pence more than the Xoth £ pays. 
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But, if axQ-i-b=a'x„-j-b', and o' is less than a, the line y=2a'x+b' cuts 
the ordinate at as in Fig. 6, and there is a jump down at in the amount 
paid by the (a:a+l)th £. 



Fig. (i. 


It will be seen that 1\' l\—{a—a')Xf^ and that this jump down may be 
considerable. 

However, with Fig. (>, 

When 0<a!<.ro, T —x(aa- ~\-b) 
and when x^<x<..Xi,T=x(a'x-\-b')-\^Xf,{aXf^-'rb—a'.r^—h'} 

=x(a'x-\b’), 

since ox'o +6 —a'x^ -j-b'. 

The fact. that. T in the second interval, when axQ+b—a'x^-\-h\ takes the 
simple form x(a'x-\-b') seems to have tempted the Federal and some of the 
State authorities to adopt this system instead of that described in §4. 

It will b»^ seen later how seriously this affects the continuous progression 
in the amounts paid by the successive £’s. There can b(* no question that the 
jumps made in these cases are as inequitable as making the final flat rate different 
from that indicated by the amount paid on the last £ of the progression. 

fi. A progressive rate, where each successive £ pays just a little more than 
the preceding up to a certain stage and there is a flat rate on the excess, deter- 
mined by the amount which the last £ of the progression pays, was used for th(* 
first time in taxation when the Commonwealth of Australia in the financial year 
1910-11, began its Land Tax. The formula was due to Sir George Knibbs, 
the first Federal Statistician. Besidents in Australia were allowed an exemption 
of £5,000. In their case the taxable value of their land was the actual value 
less £5,000. 

Particulars of the tax an^ given in the following table.® 

Land Tax. Rate of Tax fer £ of Taxable Valine. 




Taxable Value.) 
Residents, 





[ Taxable Value 

Taxable Value over £75,000. 

1 

Assessment Year. 


' £1 to £75,000. 

' 1 

First ! 

Excess over 


! 

i 

£75,000. 1 

£75,000. 



/ X \ 

1 i 

d. 

1910-11 to 1913-14 


(^■*■^, 000 ) 

. 8*5 

! I 

6 

1914-16 


(■+iWSo)''- 1 


9 


* Official Year Book of the Commonwealth of Australia, No. 32, p. 836 (1939). 
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Absentees.* 



Taxable Value £1 to £80,000. 1 

Taxable Value ov^er £80,000. 

Assessment 

Year. 

1 

First ' 

£5,000. 1 

1 

1 

1 

j 

Kxcess over 
£5,000. 

i 

First 

£5,000. 

Next 

£75,000. 

Excess 

over 

£80,000. 

1910-11 to 1913-14 

1 

1 

\ ^ 30,000 / 

d. 

1 

1 

1 

d. 

4-5 

d. 

7 

1914-15.. 

. 1 

/- , a:-;j,000\ , ' 

1 

c < 

1 

10 


The rates for 1914-15 have been the basic rates since* that year, altered 
from time to time* by certain percentages. It will be notie*-ed that, when the 
progression ends, the fiat rate on the exejess is determineel by the amount paid 
on the last £ of the progreission. 


7. The Federal Government first imposed an income* tax in the financial 
year 1915-16. For earneel income the rate of tax was of tlie* same* type as in 
the* land tax for resid(*nts. 


With the notation of this pape*r, in the 1915 Act the* scale is give*n by the* 
formula : 

:ir 


When 0<;r< 7,600, ft -3 + 


800 ’ 


When 7,600 < 3 ;, on the first £7,600, ft=3 f- 


3 X 7,600 


800 


--=31 


and on the excess over £7,600 thei rate of tax per £ is 60 jeenea*. 

In Fig. 7 we have* a graphical re*presentation e)f this lax. 

The* area between 



line 1 / 


^ 400 ’ 


0 : 


the 
7,600 


and y —60, 7,600 

the* axes of x and y, and the* 
ordinate at any point x, 
represents the amount of the 
tax on an income of £ 3 * ; 
anel the tax on the 3'th £, 
whe*n X does not exceeei 
7,600, is given by the 
ordinate at x less 3/800. 

From §2 we know that/ 
the 1st £ pays (3+3/800) 
pence, the 2nd £ (3-1-9/800) 
pence, the 3rd £ (3+15/800) 
pence, and so on, these 
amounts forming an arith- 
metical progression with 
common difference 3/400. The 7,600th £ pays (60 —3/800) pence and every 
£ of the excess pays 60 pence. 


Income in 
Fig. 7. 


* Absentees are not allowed an exemption. 
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Unfortunately, in dealing with property income, Knibbs introduced com- 
plexities of a mathematical kind.® For the first £546 of taxable income, the 
formula for B was of a type similar to that for earned income ; the amounts 
paid by each successive £ formed an arithmetical progression. From £546 
to £2,000 each successive £ paid just a little more than the preceding £, but the 
progression was not arithmetical. Here his “ curve of the second degree ” 
entered. From £2,000 to £6,500 each successive £ paid just a little more than 
the preceding. Here his “ curve of the third degree ” came in. Every £ of 
the excess over £6,500 paid 60 pence, this being the amount paid by the 6,500th £. 

There seems no doubt that Knibbs could have got all he needed by breaking 
up the interval into three parts, in each of which a different arithmetical pro- 
gression was used, as described in §4. 

A ready reckoner was issued by the taxation authorities showing the amount 
of the tax on any income. Without its help the taxpayer would have been 
quite ignorant of what he had to pay. 

When income was derived partly from personal exertion and partly from 
property, the rate on the earned income was that for an earned income of the 
whole amount, and that on the property income also that for a property income 
of the whole amount. This principle is to be understood as applying below to 
both State and Federal incomes of this kind unless otherwise remarked. 

8. These rates of tax remained the basic rates for Federal income tax 
from 1915-16 till 1930-31. They were altered from time to time by certain 
percentages, sometimes over the whole income range, sometimes only over parts 
of the range. For some years there was a Special Property Tax at a fiat rate. 
In this way the gradual progressions of the original formuhe were interfered 
with ; and for this as well as other reasons a new scale of rates was devised 
for the year 1931-32. The person responsible on that occasion was Professor 
Giblin. Knibbs’s curves were dropped. The Integral Calculus had no longer 
to be used in determining the amount of the tax. The linear rate R—ax+b 
remained the characteristic feature of the formulae for both kinds of income. 

The new scales can be stated as follows : 


Earned Income. 

CO 

(i) If the taxable income does not exceed £6,900, R =3 -f 

(ii) If the taxable income exceeds £6,900, 

on the first £6,900, B =3-)--— ^=40-125, and on the excess over £6,900 the 
rate of tax per £ is 90d. 


Property Income. 

CO 

(i) If the taxable income does not exceed £500, 

(ii) If the taxable income exceeds £500 but does not exceed £1,500, 

jf 1 I 1 ^^ 

^ "^i7ooo' 

(iii) If the taxable income exceeds £1,500 but does not exceed £3,700, 

22 = 444 -—-? 

“ ^*^ 2 , 000 ’ 

(iv) If the taxable income exceeds £3,700, on the first £3,700, 

„ , 23x3,700 „ 

2,000 

and on the excess over £3,700 the rate of tax per £ is 90d. 


® For these, reference can be made to a paper by Carslaw in The Economic Record, Vol. 7 (1931), 
entitled “The Federal Income Tax Acts, 1915-1931 ”, 

C— -May 7, 1941. 
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These scales* are represented on Pig. 8. That for earned income is the 
fa,iniiifl.r type with the amounts paid by each successive £ up to the 6,900th 
forming an arithmetical progression with a common difference 0*0125 d. The 
flat rate on the excess is determined by the amount paid on the last £ of the 
progression. 

In the scale for property income it will be noticed that JS is continuous 
at £500 and £1,500. The discussion in §5, though given for the ^se of only 
two intervals, applies also to any number. The gradient in the interval 500 
to 1,500 is steeper than that in the interval 1 to 500. This explains the jump 
up at 500 in the amounts paid by the adjacent £’s and the formulae (i) and (ii) 
show that this is as much as 2d., whereas the common difference in the pro- 
gression from 1 to 500 is 0*02, while that in the interval 500 to 1,500 is 0*028. 
Again at 1,500 there is a jump down of nearly 4d. 

These awkward breaks at the 500th £ and at the 1,500th are a blot on this 

scale. Indeed it is surprising 
that it was allowed to remain 
the basic rate from 1931-32 
till 1939-40, with percentage 
changes over the whole range 
from time to time as the revenue 
needs demanded more or less. 

It is also rather astonishing 
that a simpler means of dis- 
criminating between the two 
kinds of income has not even 
yet been adopted by the Federal 
authorities. There is much to 
be said in favour of the method 
used in England. A certain pro- 
portion is deducted from the 
total of the earned income, but 
this deduction must not exceed 
a certain sum. When the earned 

0 2000 4000 6000 tooo iucome has been reduced in 

Income in £. this Way and the deductions, as 

J.J g provided in the regulations, have 

been made from each class 
of income, the two are treated 
alike ; their sum forms the taxable income and the rates of tax refer to the 
taxable income without any further distinction as to the way in which it is 
composed. 

9. For the year 1939-40 the Federal Parliament passed two Income Tax 
Acts. The Income Tax Act (No. 1) 1940, of May, anticipated the budget for 
the year, which was placed before the new Parliament in November. The 
Federal Treasurer, then Mr. Spender, in introducing the measure, made some 
reference to the “ income tax technique ” adopted by the Commonwealth and 
the rates of tax desired by Sir George Knibbs. He was bold enough to assert’ 
that “ for some considerable time the Conunonwealth led the world on methods 
of income taxation and other countries followed. In particular, most of the 
Australian States followed the Commonwealth lead, improved on the principle, 
and adapted it to their own needs.” This praise seems to me somewhat excessive 

* la Fig. 8 aad later figures, the upper of the two graphs refers to Property Income. 

’ Commonwealth of Australia, Parliamentary Debates, 15th Parliament, 2nd Session, p. 604 
(1040). 
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and with regard to the so-called improvements the States made on the principle 
there will b^e something to say later. 

The scheme embodied in Schedules I and II of the Income Tax Act (No. 1) 
1940 was influenced by the incidence of the State taxes on income. “ This 
practical limitation of Federal income taxation ”, said the Treasurer,® “causes 
difficulties at present, but not of a serious order.” Six months later his successor, 
Mr. Fadden, had a different tale to tell. 

The scale of rates can be put briefly as follows : 


Earned Income. 

When 0<aj<500, ie=6. 

„ 500<ar<l,000, i2=^-6. 

oU 

„ 1,000 <»<4, 200, ^=^0+5- 

„ 4,200 <«, on the first £4,200, if =47, and on the excess over £4,200 

the rate of tax per £ is 90 pence. 


Property Income. 

When 0<a;<500, JK=6. 

„ 500 <» <1,000, 


When 1,000 < a? <4,200, 

fi=|+8}, 

,, 4,200 <05, on the first 

£4,200, E=61, 

and on the excess over £4,200 the 
rate of tax per £ is 108 pence. 

These scales are represented 
in Fig. 9. They arc again 
examples of the system discussed 
in §5, B being continuous in both 
at 500 and 1,500. There are 
extremely awkward jumps at these 
points, and, while the flat rate 
on the excess over £4,200 in earned 
income does not differ much from 
that indicated by the amount the 
last £ of the progression pays, in 
the case of property income it 
is chosen as 108 pence per £ instead 
of 113*5. 

The defects in these scales 
are so serious that one wonders 
how the committee of experts, 
with Professor Giblin as economic 
adviser, came to recommend them 
to the Federal Treasurer. 



Income in £. 
Fig. 9. 


10. However, when the budget for the year 1939-40 was put before 
Parliament at the end of November, the increased war expenditure required 
that income tax provide a much greater revenue, and the Acts passed in May 


•Loc. eit., p. 60®. 
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dealing with assessment and rates had to be replaced by others. The statutory 
exemption, about which nothing has been said so far in this paper, since 1931-32 
had been £260, diminishing by £1 for every £2 by which the net income exceeded 
£250, and thus vanishing at £750. In the Assessment Act (hTo. 1) 1940 this 
had been replaced by £260, vanishing at £600. When Mr. Fadden introduced 
the new Assessment Bill, it was proposed to make the exemption £160, vanishing 
at £300. To this there was strong opposition and a compromise was reached 
so that in the Assessment Act (l^o. 2) 1940 it stands at £200, vanishing at £400. 

It has to be remembered that in most of the States there are taxes on 
income in addition to the regular State income tax, called by various names 

(wages tax, unemployment relief tax, etc.), and 
that under these there is a considerable weekly levy 
on wages, as well as a considerable taxon lowincomes 
which escape the ordinary State income tax of 
these States with their fairly liberal statutory 
exemptions. Where these taxes do not operate, 
the State income tax exemption is low, down to 
£100 for a person without dependants, and the 
revenue required for these special purposes is 
obtained from income tax. This explains the 
opposition to the original proposal to reduce the 
Federal statutory exemption to £160, vanishing 
at £300. 

In addition to bringing a large number of 
wage earners and persons with low incomes into 
the income tax-paying class, the Treasurer had 
to raise the rates. In the Income Tax Act (No. 2) 
1940, with the notation of this paper, they can 
be expressed as follows : 

Earned Income. 

When 0<!r<400, R=1Q. 

„ 400 <»< 1,500, 22 

„ 1,500 <.T, on the first £1,500, 22=60, 

and on the excess over £1,500 the rate of tax per £ 
is 120 pence. 

Property Income. 

When 0<flJ<400, 22=20. 

When 400<a;<l,200, 252=^. 

„ 1,200 <a;, on the first £1,200, 22=60, and on the excess over £1,200 

the rate of tax per £ is 120 pence. 

11. These scales are represented in Fig. 10. Each £ of earned income up 
to and including the 400th £ pays 16 pence. The 401st £ pays 32*04 pence, 
a jump up of 16 pence. Then the amounts paid by each successive £ form an 
arithmetical progression with common difference 2/25ths of a penny up to the 
1,600th £, which pays (120—0*04) pence. Every £ of the excess over £1,600' 
pays 60 pence. 

Again for property income, each £ up to and including the 400th pays 
20 pence. The 401st £ pays 40*05 pence, a jump up of 20 pence. Then the 
amounts paid by each successive £ form an arithmetical progression with common 
difterenoe l/lOth of a penny up to the 1,200th £, which pays (120 —0*05) pence. 
Every £ of the excess pays 120 pence. 



Fig. 10. 
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It was to be expected that under the new scales the 1st £ of taxable income 
would pay more than under the No. 1 Act. It was natural too that the incre- 
ments in the ascending progressions should be larger than before. But it might 
have been expected that the range over which the progressions holds would, 
as in all the earlier Acts, be a large one, so that on the high incomes a much 
greater part of each £ high up in the range would be taken than of a £ not so far 
up. Yet for earned income there is a flat rate on the excess over £1,500, while 
for property income the flat rate holds on the excess over £1,200. Surely with 
so early an application of a flat rate the principle of ability to pay is forgotten. 

The Federal Treasurer told the House* that “ he had pushed taxation of 
higher incomes to the limit ”. This may be true of incomes over £8,000 in 
Queensland, where on the excess over £8,000 the State taxes on income take 
about 8s. 5d. from each £, so that on such excess the combined Federal and 
State taxes on income take about 18s. 5d. from each £. But it does not hold 
for high incomes in lower- taxed States, and it seems to me that the incidence of 
the rates of tax in the present Federal Act places a very heavy burden on the 
middle incomes and a relatively heavy burden on the low incomes, but that 
high incomes, and in particular very high incomes, in some States carry a burden 
more easily borne. 

It is true that the Income Tax Act (No. 2) 1940 had to be treated as an 
urgent measure and passed through Parliament quickly. This fact and the 
obscurity of the schedules defining the rates, as well as ignorance of the principle 
behind the progressive rate, may explain why discussion was confined mostly 
to the statutory exemption. That some arrangement must be made with the 
States, so that the Federal taxation authorities will be able to devise a fairer 
scale before the next income tax measures are considered, is now generally 
accepted, and the Federal Government has begun discussions with the Govern- 
ments of the States with this end in view. 

Peogeessive Bates foe Income Tax in the States. 

12. For its income tax Tasmania since 1924 has used the original Federal 
rates, altered from time to time by oortain percentages. It is possible that it 
finds that the ready reckoner issued in 1915 by the Federal authorities saves a 
good deal of trouble. In all the other States the formulae depend on a rate 
B of the type In New South Wales and Western Australia there is but 

one progression, followed by a flat rate on the excess over a certain sum. The 
same holds of the scale for earned income in Queensland. In Victoria and 
South Australia for both kinds of income, and in Queensland for property 
income, there are either two or three progressions, followed by a flat rate on the 
excess, when the last of the progressions ends. Suppose that the first ends at 
a?o and the second goes from to In the first, let R—ax+b, and in the 
second B=a'x+b'., with ax^-^b equal to a'x^-\-b'. We have seen in §5 that 
there must then be a jump of (a~a')xQ—{a-\-a') at Xq in the amount paid by the 
Xf^\i £ as compared to that paid by the (a;o4-l)th £. Serious discontinuities 
are introduced in this way in the progressions in these States. In Queensland 
the position is made still worse by an “ Additional Tax ” which over certain 
ranges increases the amount of. the earlier tax by certain percentages, varying 
from 16% to 27 J%. Further, there is an extraordinary break with the principle 
of the progressive tax in the scales for all the States, except Tasmania, when 
the flat rate is introduced at the end of the last progression. Instead of deter- 
mining this flat rate by the amount paid by the last £ of the progression, or as 


* Commonwealth of Australia, Parliamentary Debates, 16th Parliament, let Session, p. 88 
(1940). 
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near that as may be, it is in all of them much lower. That this affects the tax 
on many high incomes is obvious. No such mistake has ever been made in the 
Federal rates. 

Space will permit only a short reference to the scales in force for the financial 
year 1940-41, and we omit the provisions made for higher taxes on non-residents. 


13. New South Walee. 


The statutory exemption is £260, diminishing by £1 for every £8 by which 



Fig. 11. 


the net income exceeds £250 and 
thus vanishing at £2,250. Dis- 
crimination between earned income 
and property income is made by 
reducing the taxable earned income 
by one-fifth, with a maxinm nn 
reduction of £900, the rate payable 
on the remainder being that for 
property. 

When the taxable income is 
partly earned and partly from 
property, the earned income is 
reduced as above, and the remainder 
plus the taxable income from 
property is charged at the rate set 
out for property. This system has 
been in force since 1936. 

The basic rate is as follows^ : 

When the taxable income {£») 

does not exceed £6,600, J8 =9+ 


When it exceeds £5,500, on the first £5,500, J2=42 and on the excess over 
£5,500 the rate of tax per £ is 60 pence. 

In Fig. 11 there is a representation of this tax, and it will be seen that 
the flat rate on the excess over £5,500 should be 76 pence per £, instead of 60 
as in the schedule. 

The 1st £ pays (9 +3/500) pence ; each successive £ up to the 5,600th £ 
pays 3/260ths of a penny more than the preceding ; the 6,600th pays (76—3/600) 
pence. 


14. Victoria. 

The statutory exemption is £200, vanishing at £600. There are separate 
formulae for the rates on earned and property income. 


Earned Income. 

The scale may be expressed as follows : 

When 0<®< 2,600, B= (i) 

„ 2,600 <®< 6,000, i2=10f+g^ (ii) 

„ 6,000<®<10,000, jB=15i+g^ (iii) 

10,000 <0?, i2=21f (iv) 


At present reduced by 8%, and there is a super tax of l/-in the £ on so much of the income 
as exceeds £2,000. 
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It will be seen that the values of B given by (i) and (ii) at ® =2,600 are the 
same, and that the same holds for (ii) and (iii) at a? =5,000 and (iii) and (iv) 
at a? =10,000. There are jumps at these points in the amounts paid by the 
adjacent £’s, as will be seen from Fig. 12, which gives a representation of this 
tax. 



Fig. 12. 


It will be noticed that there is a flat rate on the excess over £10,000, and 
that this has been determined by the value of R given by (iii) for *=10,000. 
It should have been 27f, determined by the amount the 10,000th £ pays, namely 
(27f— 3/6,000) pence. 


Property Income. 

The scale may be expressed as follows : 

When 0<»< 2,500, R==14+~ (i) 

t )^0 

7 'V 

„ 2,600 <*< 5,000, 12=19+^^^ (ii) 

lx 

„ 5,000 <*<10,000, 12=26+^^ (iii) 

„ 10,000 <*, £1=40 (iv) 


It will be seen that there are jumps at 2,500, 5,000 and 10,000, as in the 
other scale, and that the flat rate on the excess over £10,000 should have been 
64 pence per £ instead of 40. 

This tax is also represented in Fig. 12. 

15. Queensland. 

The statutory exemption is £160, vanishing at £860. There are separate 
foxmulse for earned and property income. 

Earned Income. 

The scale may be expressed as follows : 



When 0<*<8,000, 22=6+ 

„ 8,000 <*, on the first £8,000, J2=64, 

and on the excess over £8,000 the rate per £ is 60 pence. 
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Properly Income. 

The scale may be expressed as follows : 

When 0 <»<3,000, 22=12 + 

» 3,000 <a/<8,000, R =6 -|- ^ qqq- 

„ 8,000 <», on the first £8,000, 22=64, 

and on the excess over £8,000 the rate per £ is 60 pence. 


Both these taxes are represented in Pig. 13. 



In property income there 
is a jump up of 6 pence at the 
3,000th £, and both in earned 
and property income the fiat 
rate on the excess over £8,000 
should be 102 pence per £, 
instead of 60. 

There is also now a Super 
Tax of 20% of the amount of 
the tax as given by the above 
formulae, with some relief for 
incomes below £860. 

Further, there is an 
Additional Tax which intro- 
duces very large breaks in 
the continuity of the pro- 
gression, so carefully arranged 
by choosing 22 of the form 
(aai+b). 

When 780<a!<860, 16% 
is to be added to the amount 
of the above income tax and 
super tax. 


When 860 <»< 900, 16% ; when 900 <»< 960, 18% ; when 960 < a; <1,000, 
20%; and when 1,000<£C, 27^%. 


There is not much use in providing a scale with each £ paying 0-012 or 
0-008 pence more than the preceding £ if these steps are taken at intermediate 
points. The progressive principle can quite easily be adhered to and the h^her 
incomes made to pay at desired rates, but a new formula allowing for the super 
tax and additional tax would have to be devised. 


16. South Australia. 

The statutory exemption is £100, vanishing at £1,000. There are separate 
formulse for earned and property income. 

The scales can be expressed as follows : 

Earned Income. 

When 0<«<1,000,22=17-|- 

Bil/ 

„ l,000<®<7,000,E=13-f 

„ 7,000 <«, 22=66. 
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Property Income. 

0 /»» 

When 0 <05 <1,000, E =26+-^. 

JL j vU\J 

„ l,000<a5<7,000,i2=22 + ^~®^. 

„ 7,000 <05, ie=64. 

These taxes are represented in Fig. 14. In both scales there is a jump up 
of about 4 pence at £1,000. In earned income the flat rate on the excess should 
be 97 pence per £, instead of 65, and in property income 106 pence per £ instead 
of 64. 



Fig. 14. 


17. Western Australia. 

In 1918 this State introducc'd a continuous progr(>ssiv 4 * tax ' at the rate of 
twopence in respect to every poxmd sterling of taxable income chargeable plus 
an additional rate thereon of 0 -006 of a penny for every pound sterling by which 
the income chargeable from all sources exceeds £100. Provided that, the rate 
in the pound shall not exceed tw'o shillings and sixpence.” 

The above statement, in the notation of lliis paper, can be put as follows : 

When 0<a5< 100, J?=2. 

100 <ir< 4,766, 

4,766 <35, lf=30. 

With some modiflcations, including the raising of the maximum rate to 
four shillings, reached at £6,672, this scheme has been in force till the present 
financial year, when a new scale has been adopted. The other taxes on income 
(hospital tax, financial emergency tax) have been dropped, and the. rev<>nue 
previously obtained from them is to be provided by the revised income tax. 

There is, as before, no distinction between earned and property income. 
The statutory exemption for a single person without dependants is £100 less 

D — May 7, 1841. 
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£8 for every £1 by which the income exceeds £100 ; for a person with dependants, 
1200 less £2 for every £1 by which, the income exceeds £200, 


The scale is as follows : 

When 0 <a!<4, 600, 12=9 + (i) 

4,500 <05, E=54 (ii) 

This tax is represented in Fig. 16. 



Fig. l.'i. 

It will be seen that (i) and (ii) give the same value at ar =4,600, but that the 
flat rate on the excess over £4,600 is much lower than the figure indicated by 
the amount the 4,600th £ pays. Instead of 64 pence per £, it should be 99 
pence. 



THE CLIMATE OP AUSTRALIA IN PAST AGES.* 
By C. A. SUSSMILCH, F.G.S. 


Introduction. 

I desire, first of all, to thank the council of the Royal Society of New South 
Wales for the honour conferred in asking me to deliver the Clarke Memorial 
Lecture for this year ; I do consider it a great honour to be associated in this 
way with the memory of the late Rev. W. B. Clarke. This eminent scientist, 
the pioneer of the geologists of this State, laboured for many years, practically 
single-handed, in what was, at that time, a thinly populated region of vast 
extent, with only very primitive means of transport ; under these very adverse 
conditions he established the succession of the sedimentary formations of New 
South Wales. Upon the foundations so ably laid by him the superstructure of 
our present knowledge of its geological history has been built. , It is surprising 
how well these foundations have stood the test of time, and they stand today 
as an enduring record of his great ability and of the patient care with which he 
applied himself to his work. It is to the accumulated geological knowledge 
erected upon these foundations by subsequent geological workers that we turn 
to look for evidence of the past climates of Australia. 

The cUmate which prevails in Australia today is based primarily upon its 
position with respect to the equator ; those parts (about one-third) which 
extend northwards of the Tropic of Capricorn, lie within the tropics and enjoy 
a typical tropical climate ; the rest of the continent lies within the temperate 
zone and enjoys a relatively mild climate, no part of it, not even Tasmania, 
projecting sufficiently far south of the equator to have a really rigorous climate. 
Other factors such as altitude, ocean currents, prevailing winds, proximity 
or otherwise to the shoreline, all exercise some control over the existing climate, 
but only to a minor degree, except with regard to rainfall, over which they have 
considerable influence ; not much of Australia is sufficiently elevated to be 
influenced to any great extent by that factor. 

As will be shown presently, the climate of Australia has shown very great 
variations in the past as compared with what it is today ; there have been very 
long periods of time when much colder conditions were in existence, and again 
even longer periods during which the climate was notably warmer than an present. 
Human history goes back only some 150 years in this continent and does not 
record anything more than very minor changes of climate, apart from variations 
in rainfall, during that time. In the Northern Hemisphere human history goes 
back for about 8,000 years, and even in that much longer period only minor 
changes have been recorded, and these appear to have occurred in cycles. In 
view of this statement the layman may well ask how it is possible to learn of 
<ffianges of the world’s oUmate in prehistoric times ; the answer to this question 
is to study the rocks which we see everywhere around us ; each rock is a book, 
one of nature’s own books, and each one of these books has a story to tell, if we 
but know how to read it. Many rocks both in their composition and in their 

* The Clarke Memorial Lecture delivered to the Royal Society of New South Wales, May 22, 
1941. 
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GEOLOGIC TIME CHART 
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structures give evidence of the climatic conditions under which they were 
formed ; many sedimentary rocks also contain the fossilised remains of once 
living animals and plants, and some of these afford evidence of the climatic 
conditions existing at the time they were alive. It is not necessary to describe 
here all of these evidences in detail ; such description can be found in all 
geological text books, but they will be referred to later briefly when necessary. 

In my discourse it will be necessary to refer to the various subdivisions of 
geological time ; these are given in Text-figure 1. 

From the above table it will be seen that there are five primary subdivisions 
called eras, and that each of these is divided into a varying number of sub- 
divisions called periods, and that these latter are further divided into epochs. 
The classification given is not a complete one, but is sufficient for our present 
purpose. The actual length of time in years represented in this chart will vary 
from 100 to 1,800 millions of years, according to the factors used in computing 
it ; the longer period is probably nearest to the truth. It is usual in discussing 
past variations of climate to refer them to our existing climate as being a normal 
one, and to look upon the colder and warmer periods of the past as being abnormal, 
but this is not necessarily correct, as some geologists consider our present climate 
to be abnormal, and the world to be still in one of the inter-glacial epochs of the 
last great Ice-age. 

In discussing the probable climates of the various geological periods it will 
be assumed that Australia as a continent has always occupied its present position 
with regard to the equator, but this also is not necessarily correct, because there 
is one school of geologists which considers that all of th(^ continents have in the 
past changed their relative positions from time to time, and are in fact still 
doing so. If this view were correct it is obvious that, if in one of the past 
geological periods Australia had occupied a position far to the south of that now 
occupied, it would have had a climate much colder than that of today without 
any necessary alteration in the climate of the world as a whole. This belief in 
drfitii^ continents is not, however, held by all geologists, and we will assume 
for our present purpose that the position of Australia as a whole has remained 
constant throughout geological time. 

The Archeozoic Era. 

Bocks of this age occur over very wide areas in Australia, particularly in 
Western Australia, South Australia, and the Northern Territory ; they are, 
however, so much metamorphosed and altered that such of their original 
characters as might have given evidence* of the climatic conditions under which 
they were laid down have been largely obliterated. These conditions are not 
peculiar to Australia, but exist also in all other parts of the world where strata 
of this age occur. There does occur, however, on the Kanowna Goldfield of 
Western Australia, a series of conglomerates belonging to tht* Yilgam series 
which are not much altered, and T. W. B. David has given it as his opinion that 
they may have had a flurio-glacial origin and show evidence, therefore, of a cold 
climate at the time they were being deposited. This view has, however, not been 
accepted by Western Australian geologists. Such evidence is not limited to 
Australia ; there occurs in central Canada a similar series of conglomerates 
apparently of similar age, which A. P. Coleman‘S’ definitely considers to have 
had a glacial origin and which he has called the Timiskamian or Sudbury Boulder 
conglomerates, and with those there has been found in many localities beds of 
varve-like shales showing seasonal banding. In India also there occur the 
Darwar conglomerates, considered by Foote to be similar in character and age 
to those of Canada. There appears to be some evidence, therefore, of a world- 
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wide refrigeration of the climate during some part of the Aroheoaoic Bra, in 
iriiich Australia may have participated, 

THB PSOTBSBOZOIO EBA. 

Bocks of the Proterozoic age are very widespread in Australia, particularly 
so in Western, Central, and South Australia. The Proterozoic formations of 
Western Australia have been divided into an older division called the Mosquito 
(>eek Series, and a newer division called the Nullagine Series. The older series 
consists mainly of schists, phylUtes and jaspers, with some thick beds of dolomitic 
limestone, and the presence of the limestone beds and the fact that some of them 
are dolomitised suggests that at the time of their deposition the climate was 
warm to hot, but in the absence of recognisable fossils this evidence is not 
altogether conclusive. 

The Nullagine Series outcrops extensively in the Pilbarra District, and 
here they have at their base a series of coarse conglomerates ranging up to 500 
feet in thickness ; no definitely glacially striated boulders have yet been obtained 
from these beds, but T. W. E. David*** considered that they may have had a 
fluvio-glacial origin. Above these conglomerates thick beds of limestone occur, 
but they have not yet yielded any fossils. In Central Australia the Nullagine 
Series contains many very thick beds of limestone, some of which contain an 
abundance of fossil marine plants (Algse) which have been referred to the 
Cryptozoa ; these algal Umestoues extend over very wide areas, and it has been 
suggested that they indicate at least a mild, if not a warm, climate at the time 
of their deposition. 

In South Australia the Upper Proterozoic strata are known as the Adelaide 
Series and they have been fully described by W. Howchin*** ; he has subdivided 
them as follows (in descending order) : 

11. The Brighton Umestone. 

10. Banded siliceous limestones. 

9. Tapley’s HiU ribbon slates with occasional pebbles of quartzite. 

8. Impure dolomitic limestones. 

7. The Sturtian TOlite. 

6. Quartzites and olaystones. 

5. The Blue Metal limestones. 

4. The Upper PhylUtes. 

3. The Torrens Limestone. 

2. PhylUtes, slates and shales. 

1. The Basal Beds (conglomerates, grits and sandstones). 

These beds have an aggregate thickness of about 13,000 feet. The most 
interesting feature of this section is the Sturtian TilUte, which ranges up to 
1,500 feet in thickness ; it is a typical glacial tiU containing numerous glacial 
erratics ranging individuaUy up to 10 feet in diameter, and striated and facetted 
pebbles are common. Some thin lenticular beds of a gritty Umestone occur 
interstratified in the TilUte. Howchin originaUy considered these beds to be 
of Cambrian age, but they are now generaUy accepted as beii^ of Upper Pro- 
terozoic age. 

Howchin considers that the Sturtian TilUtes were laid down on the sea 
floor by floating ice, but that the snow-fields were not very far distant, as many 
of the erratics appear to be identical with certain older rooks outcropping 
immediately to the south and west of the glacial beds. He has traced these 
glacial beds nmrthwards to Heigott in Lat. 29° 40* South. 
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f¥om this Horthem area D. Mawsoa has,*®* in the foothills of the Flinders 
Range, measured the following section : 


13. Glacial Series — ^tillites, conglomerates and 
quartzites 

12. Calcareous Series — algal limestone with some 
sandstone and shale ■ . 

11. Arenaceous and Argillaceous beds 
10. Dolomitic marble 
9. Chocolate shales 

8. Limestones, including algal, dolomitic, and 
oolitic varieties, with some shale bands . . 

7. Oolitic limestones 

6. Limestones with shaly and clayey layers 
6. Dolomitic limestone 
4. Algal limestones 

3. Calcareous shales and limestones . . 

2. Laminated shales 

1. Glacial and fluvio-glacial beds 


Thickness. 

800 feet + 


3,200 

>> 

2,700 


1,000 


350 


450 

>> 

560 


950 


130 


120 


600 


750 


1,000 

11 


Total 12,510 


Mawson calls this series of strata the Munyallina Beds and correlates them 
with the Adelaide Series from near Adelaide already referred to. In describing 
the lower glacial horizon Mawson states : “At the base of the section is a glacial 
and fluvio-glacial formation which includes true tillites ; near the base the 
boulders are dominantly basic lavas derived from the underlying formation, 
and also large blocks of dolomitic limestone also from the underlying formation ; 
a couple of hundred feet above the base the boulders include quartzite, granite 
and quartz-porphyry ranging up to 3' (>" in diameter, and pebbles have been 
found exhibiting glacial striae ”. Mawson states further, “ some of the beds are 
obviously glacially transported and accumulated and that it is quite obvious 
that, during the time the beds were being deposited, land ice existed in this 
region and as the glacial beds are followed immediately and conformably by an 
undoubted series of marine strata, the land over which the ice travelled was not 
much above sea-level ; a glacial climate is therefore indicated This lower 
glacial horizon is separated from the upper one by a thickness of over 10,000 feet 
of strata, mainly limestones, and many of these contain marine algae such as 
OirvaneUa, CoUenia and MawsoneUa. Mawson considers that these algal lime- 
stones are indicative of a warm climate and comes to the conclusion that “ the 
climatic record is a remarkable one varying from severe glacial to probably 
warm arid conditions and again glacial within the period of deposition of these 
beds ”. Mawson correlates the topmost glacial bed with the Sturtian Tillite 
of the Adelaide Series, and, if this is so, possibly the lowest glacial bed may be 
the equivalent of the conglomerates (possibly fluvio-glacial) which occur at the 
base of the NuUagine Series of Western Australia. W. G. Woolnough*’* has 
also described some of the Proterozoic strata of the Flinders Range and has 
recorded evidence of aridity of climate in the red colour of some of the sedimentary 
rocks, the presence of sun-cracks, and in certain other features. 

The glacial beds of the Adelaide Series are known to outcrop over an area 
460 miles long in a north-south direction and 200 miles long in an east-west 
direction, where they extend into the Broken Hill district of New South Wales, 
and over this large area not only are the tillites very thick but the glaciers or 
ice-sheets must have extended down to sea-level, and as already pointed out 
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extended northwards to Lat. 29° 40' South, one must conclude therefore that 
the climate of Australia in the Upper Proterozoic was very cold and remained 
so for a considerable time. 

It is interesting to note that this refrigeration of the climate was not limited 
to Australia, because glacial beds of similar age, the Numee TiUites, occur in 
South Africa, extending there also to Lat. 29° S. ; and glacial beds have also 
been found from such widely separated localities as Utah, U.S.A., Simla in 
India, and the Yangtse Cahon in China (the latter may be of Lower Cambrian 
age). This widespread occurrence of glacial beds in both Northern and Southern 
hemispheres indicates a worldwide refrigeration of the climate in Upper Pro- 
terozoic times, a refrigeration even more pronounced than that of the recent 
Pleistocene Ice age, when land ice only reached as near the equator as Lat. 38° 
as against Lat. 29° of the earlier era. 

The Cambeian Period. 

Marine strata of Cambrian age occur in South Australia immediately 
overlying the Adelaide Series described in the last section, and these strata 
extend as a broad belt northwards through Central Australia and western 
Queensland and thence into the Northern Territory. These Cambrian strata 
contain an abundance of the fossils of once-living marine animals including 
trilobites, brachiopods, pteropods and gasteropods, but the most important of 
the fossils belong to an extinct group of organisms called the Archseocyathinse. 
These animals in their skeletal structures, which are calcareous, have some 
resemblance to both sponges and corals, and like the latter they built extensive 
reefs much like existing coral reefs. The ArchsBocyathinae had become extinct 
by the close of the Cambrian period, and we have therefore no direct knowledge 
as to the climatic conditions under which they lived, but from their close 
resemblance to the reef-building corals it is considered that, like them, they lived 
in warm tropical seas, and if this assumption is correct, Australia down to its 
southern margin must have had a warm tropical climate in Cambrian times ; 
the other fossils found in the Cambrian rocks do not oppose this view. This 
extinct group of organisms has also been found as fossils in the Antarctic continent 
as well as at various localities in the Northern Hemisphere, and this suggests 
that not only Australia, but practically the whole world had a much warmer 
climate in Cambrian times than it has today. 

In some parts of South Australia the topmost beds of the Cambrian System 
consist of cross-bedded red sandstones interstratified with chocolate-coloured 
shales and some thin beds of limestone ; W. Howchin’** has suggested that 
there is a strong probability that these strata accumulated under arid or even 
semi-desert conditions for the following reasons : (a) the prevailing red colour 
of the rooks ; (b) many of the limestones are oolitic or nodular with wavy and 
concentric structures that appear identical with surface travertine that is 
forming today in the drier parts of Australia ; (c) the newest members consist 
of red, friable, cross-bedded sandstone closely resembling wind-blown sand 
dunes. These conclusions, of course, would apply only to the limited area in 
which these strata now occur. 

The Ordovician Period. 

The evidence of climatic conditions of this period in Australia are not very 
definite. Strata of this age are widespread, particularly in Victoria, New South 
Wales, and Central Australia. In the first two States the strata consist mainly 
of marine shales and sandstones, and the contained fossils consist almost entirely 
of graptolites, an extinct group of hydrozoa. These animals inhabited the 
surface waters of the ocean, and we find them preserved in abundance in 
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OrdovidaQ strata all over the ■world ; they therefore had a very ■vdde geographical 
range. The group became extinct in the next geological period (Silurian), 
and they afford therefore no direct information as to the climatic conditions 
under which they lived. The Ordovician strata of Central Australia do not 
contain fossil ^aptohtes, but have yielded an abundance of other marine fossils 
such as brachiopods, mollusca and trilobites ; these also are not very definite 
climatic indicators. There is, so far as we know, an entire absence of reef- 
building corals in Australia, although they were li'ving in other parts of the world, 
and their absence, together with the extinction of the Archseocyathinse, might 
possibly suggest cooler conditions. In the Northern Hemisphere, on the other 
hand, limestones of Ordovician age containing fossil reef-building corals are 
abundant, and, as these extend as far north as Baffin Island, they indicate a 
tropical climate extending well into the Arctic region at that time. It seems 
probable, therefore, that the climate of Australia in Ordovician times was still 
warm, although perhaps not quite so warm as it had been in Cambrian times. 

The Silueian Pebiod. 

For this period the rocks yield quite definite evidence as to the nature of 
the climate, as we find an abundance of limestones of Silurian age crowded 
with the remains of once-li'ving reef-building corals ; such coralline limestones 
occur in a broad belt of strata extending from Tasmania northwards through 
Victoria, and New South Wales to the Chillagoe district of north Queensland ; 
and it would appear that what was then the eastern coast of Australia was as 
that time fringed with coral reefs along its whole length. As reef -building corals 



Fig. 2. — ^Areas in Australia in which fossil corals of Silurian age occur. 

(Compiled by E. C. Andrews.) 



M 


C. A. SUSSMILOH. 


axe abtmdant in onr present day seas, we know something abont the conditions 
necessary for them to flourish. These conditions indnde the following : (a) the 
temperature of the sea-water must not fall below 68° F. ; {b) the water must 
not exceed 240 feet in depth ; (o) the sea- water must be in general free from 
the presence of much mechanical sediment such as mud and sand. All of these 
conations exist along the coast of Queensland today and we find a continuous 
belt of coral reefs extending from Cape Yorke southwards nearly to the latitude 
of Brisbane. South of this point no coral reefs exist for the one and only reason 
that the temperature of the sea-water there is too low for their requirements. 
The fact that coral reefs in Silurian times flourished in Tasmania, some 1,200 miles 
south of their present habitat, indicates a considerably warmer climate than that 
of today. 

The Northern Hemisphere affords even more striking evidence, as coralline 
limestones of this age exist well into the Arctic regions. We can say, therefore, 
without hesitation, that the climate of Australia was definitely tropical during 
the Silurian period, just as it was in other parts of the world. 

The Devonian Pebiod. 

The warm conditions of the Silurian period continued into the succeeding 
Devonian period, because we find coralline limestone of Middle Devonian age 
occurring so far south as Victoria (the Buchan and Bind! Limestones). The 
sea disappeared from Victoria at the end of Middle Devonian times, but in New 
South Wales there was in the Upper Devonian a very extensive transgression 
of the sea which extended from the present south coast north-westwards into 
the Cobar district ; this was a shallow sea and in it were deposited coarse sedi- 
ments for the most part such as sandstone and conglomerates with some shales ; 
in some localities the prevailing red colour of the beds and other factors suggest 
semi-arid conditions of climate. This Upper Devonian sea was inhabited by 
an abundance of marine life, principally brachiopods and pelecypods, and there 
were also numerous marine fish. The presence of an abundance of the fossil 
stems of land plants in some of these marine beds indicates that the land -in 
places supported an abundant vegetation, so that the climate could not have 
been semi-arid everywhere. The absence of reef-building corals in these Upper 
Devonian strata suggests that the climate may have become somewhat less 
tropical than it appears to have been earlier in the period. 

The Oaebonipeeous and Pehmian Peeiods. 

As the climatic conditions of these two periods appear to have been very 
similar, it will be convenient to consider them together. A study of the strata 
deposited during this part of Australia’s history gives evidence of some very 
remarkable climatic changes. At the beginning of the Carboniferous period the 
climate was still warm, somewhat warmer than it is today, but conditions very 
soon became colder ; by the middle of the i>eriod a refrigeration of the climate 
had taken place of such magnitude that much of the southern half of Australia 
was covered by great glaciers and ice-sheets, which in places extended down to 
sea-level. From then on until the middle of the Permian period there was a 
succession of glacial epochs separated from one another by relatively warmer 
interglacial epochs. The climate then began to warm up again, glacial con- 
ditions disappeared during the upper part of the Upper Marine epoch, and 
during the Upper Permian (Upper Coal Measure epochs) the climate was again 
warm enough to support extensive forests of large trees ; the evidence for these 
chmatio changes is as follows. 

At the beginning of the Carboniferous period an extensive epicontinental 
sea covered a large part of eastern Australia, extendii^ from the Hunter Biver 
district in New ^uth Wales northwards to the Cairns dishrict in Queensland, a 
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distance of upwards of 1,000 miles ; it extended from 50 to 160 miles inland 
from the present-day shoreline. The region covered by this sea was imder- 
going intermittwt subsidence throughout the whole of the Carboniferous and 
Permian periods, and on it was deposited a great series of sedimentary strata 
aggregating many thousands of feet in thickness ; some were deposited under 
marine conditions, some in fresh-water lakes and some on actual land surfaces. 
The strata so deposited have been intensively studied in the Hunter River 
district of New South Wales and here they have been subdivided as shown 
in Table 1. 

(a) The Burindi Series. This is a marine series including some beds of 
limestone, and in the lower part of the series these contain fossil reef-building 
corals, some of which are found as far south as Taree in New South Wales, that 
is several hundreds of miles to the south of the present-day limit of these 
organisms. We must conclude, therefore, that in early Burindi time the climate 
was still warm, although perhaps not as warm as it had been in the preceding 
Silurian and Devonian periods. The reef-building corals, however, soon dis- 
appeared in New South Wales, and, although marine fossils are abundant in the 
upper parts of the Burindi Series, the individuals are all small and the fauna as 
a whole may be described as a pauperitic fauna ; the indications are, therefore, 
that the climate in the upper part of Burindi time was becoming cooler. 

(b) The KvMung Series. In New South Wales an uplift of the land now 
took place which caused the Carboniferous sea to retreat northwards, and on the 
land surface so produced was deposited one of the most remarkable series of 
strata found in Australia. There was first deposited a remarkable thickness of 
conglomerates (the Wollarobba Conglomerates), ranging up to 2,000 feet in 
thickness ; these do not appear to have had a glacial origin, in most localities 
in which they occur, but from the Gosforth district some striated pebbles have 
been obtained ; immediately above them some glacial varve-shales occur ; 
this constitutes the first glacial horizon shown in the table. This was followed 
by a great scries of volcanic rocks, lavas and tuffs, ranging uj) to 2,500 feet in 
thickness, with which are interstratified many beds of conglomerate ■with 
boulders two feet or more in diameter. Then follows a formation called the 
Main Glacial Beds (No. 2 glacial), rangii^ up to 6,000 feet in thickness. In this 
series there are definite glacial deposits such as tillites, fluvio-glacial con- 
glomerates and varved shales ; the tillites contain boulders ranging up to 10 
feet in diameter and also many striated pebbles, and at one locality they rest 
upon a striated pavement. The varved shales show contemporaneous con- 
tortion in certain of the beds, and some contain occasional large pebbles and in 
some places regular pockets of pebbles. These typical glacial formations 
occur on a number of distinct horizons which are separated from one another 
by various thicknesses of non-glacial beds (shales, sandstones and tuffs), in 
some of which are found fossil plants (the Ehacopteris flora). These conditions 
suggest a succession of advances and retreats of the ice-sheets with intervening 
interglacial epochs. The seasonal banding of the varve shales shows that 
seasonal variations of temperature took place just as they do today. 

Glacial beds ■with similar fossil plants have been found by J. H. Reid in 
Queensland in Lat. 17° 30' South. Some of the terrestrial glacial beds of 
Victoria and South Australia may be of similar age to the Euttung glacial beds 
of New South Wales, but their actual age is uncertain and they have usually 
been referred to the Lower Permian epoch. There can be no doubt that a very 
marked refrigeration of the climate took place during Kuttung time. 

(c) The Lochimar Series. In the Hunter River district the Kuttung Series 
is followed ■without any apparent angular unconformity by a series of marine 
strata (perhaps in part lacustrine) called the Lochinvar Beds. In a paper 
written by the late T, W. B. Da^vid**’ and the ■writer in 1931 these beds were 
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placed tentatively in the Upper Carboniferous epoch, which, if correct, would 
mean that they followed the Kuttung sedimentation without any marked 
time break ; much geological field work has been done in various i)arts of Australia 
since then and many geologists are now of the opinion that these beds are of 
Lower Permian age, and that there is consequently a very definite time break 
between the close of the Kuttung epoch and the laying down of the Lochinvar 
Beds ; even if this be so the time break represented, that is the time break 
between glacial horizons 2 and 3, would probably be of no greater magnitude 
than that which exists between some of the other glacial horizons, say, for 
example, that between horizons 4 and 6, which are both within the Permian 
system and which are separated by nearly 4,000 feet of strata, including both 
marine beds and fresh-water beds (the Lower Coal Measures) ; we may therefore 
still consider that both the Carboniferous and Permian glacial beds belong to 
one great climatic epoch. 

The Lochinvar Beds begin with a series of glacial beds (3rd glacial horizon) 
followed by a thickness of 2,400 feet of marine strata, which constitute the lower 
part of the Lower Marine Series. 

(d) The Lower Marine Series. The lower part of this series has just been 
referred to as the Lochinvar Beds ; immediately above these are the Allandale 
conglomerates, containing some glacial erratics (4th glacial horizon), and these 
in turn are followed by some 1,500 to 2,000 feet of marine strata containing an 
abundance of marine fossils, but no reef-building corals. 

(e) The Lower or Oreta Coal Measures. This is a series of fresh-water strata 
some 230 feet in thickness containing two important coal sc'ams, one of which 
reaches a thickness of 30 feet of coal. An abundance of fossil plants (the 
Glossopteris fiora) is associated with these strata. The presence of this fresh- 
water series with its coal seams and fossil plants betwe(‘n two glacial series 
(horizons 4 and 5) indicates a marked but temporary warming up of the climate, 
in other words a typical interglacial epoch. 

(/) The Upper Marine Series. This follows conformably upon the Lower 
Coal Measures and consists of marine strata ranging up to 6,000 feet in thickness. 
Two glacial horizons occur in this series ; the lowest of these (horizon 5a) is 
situated in the upper part of the Branxton Beds, where many large glacial 
erratics have been found scattered through the marine beds ; these include 
boulders of limestone containing Silurian corals and boulders of quartzite 
containing Devonian brachiopods. Such rocks occur in situ at the present day 
in the Blue Mountains on what was the western shoreline of the upper marine 
sea in Permian times. It is obvious that at this time land ice reached sea-level, 
broke away as icebergs which melted as they fioated across this sea, dropping 
their load of morainic material on the sea bottom. Some 500 feet above these 
beds are the Bolwarra Conglomerates (glacial horizon 6b) ; this is a typical 
marine glacial boulder bed crowded with glacial erratics and is the highest and 
last of the glacial beds of the Carboniferous-Permian Series. The boulders 
found in horizon 6a and 6b consist in general or rooks quite different to those 
found in the Kuttung glacial horizons and must have come in the main from a 
different source ; they cannot be redistributed material from the Kuttung 
glacial beds. Those parts of the Upper Marine Series above the Bolwarra 
Conglomerates show no evidences of glacial conditions, but there is no change 
in the marine life occurring in them as fossils. 

(g) The Upper Coal Measures. This is a fresh-water series ranging up to 
6,000 feet and including many coal seams ; these strata contain an abundance of 
fossil plants similar for the most part to those found in the Lower Coal Measures. 
In one locality many small fossil insects have been found. In some beds, 
particularly just above some of the coal seams, many fossil trees occur ranging 
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up to eighteen inches in diameter, showing that at times the land was covered 
with fairly dense forests. All of these facts indicate that glacial conditions had 
ceased and the climate had become warmer, but not necessarily tropical ; B. J. 
Tillyard, who has described the fossil insects from this series, considered that 
their small size indicated that the climate was still somewhat rigorous. 

Both terrestrial and marine glacial beds of Permian age occur in Tasmania ; 
at Wynyard, on the north coast, the glacial beds are 1,500 feet thick and contain 
erratics up to five feet in diameter, and they rest upon glacially striated pave- 
ments ; the strife have a NNB trend indicating that the ice was moving in 
that direction. Both the AUandale and the Branxton glacial horizons 
are represented in Tasmania. Terrestrial glacial beds are also widespread in 
Victoria and South Australia ; in the latter State they range up to 900 feet 
in thickness and in both States extensive glaciated pavements underlie these 
beds *, there is some uncertainty as to whether these g^cial beds of Victoria and 
South Australia are to be correlated with the Carboiuferous or Permian glacial 
beds of New South Wales, but there is no question that they are of Upper 
Palaeozoic age. In Western Australia marine glacial beds exist over very 
extensive areas occurring near the base of the Permian formations of that 
State, and in the Kimberley district they extend northwards to Lat. 18° S. 
In Queensland, also, marine glacial beds of Permian age extend well into the 
tropics. 

These glacial formations of Carboniferous and Permian age appear to have 
their greatest development in the south-eastern parts of Australia. In New 
South Wales there were at least five important glacial epochs as follows : 

Gladal Horizon. Thickness. 


5b 

5a 

4 


.3 


2 

1 


Bolwarra Conglomerate 
Marine strata 

Branxton Erratic horizon . . 

Marine strata 

Lower Coal Measures . 

Marine strata 

AUandale Beds with glacial erratics 
Marine strata 
Lochinvar glacial beds 
(?) Unconformity representing part of Upper 
Carboniferous time. 

Main glacial stage of the Kuttung Series . . 
Volcanic state of the Kuttung ^ries 
Varved shales 

Wollarobba Conglomerates and tuff with 
some striated pebbles .. 


40 feet 


500 


10 


2,000 


100-230 


1,800 


270 

?? 

2,400 

?? 

300 

7 ? 

4,700 

77 

2,500 

77 

100 

77 

2,300 

77 


It will be noted that great thicknesses of strata separate most of these 
glacial horizons from one another ; for example there are over 3,900 feet of 
strata between horizons 4 and 5 and 2,400 feet of strata between horizons 3 and 4. 
If an unconformity exists between horizons 2 and 3, a considerable thickness of 
strata might be missing there. As the thickness of strata between horizons 
5a and 5b is only 500 feet, these two might be considered as belonging to one 
horizon. It would seem, therefore, that during the Carboniferous and Permian 
periods there were five epochs of heavy glaciation separated from one another 
by four quite long interglacial epochs. This does not necessarily mean tlmt 
glacial conditions disappeared entirely from Australia during these interglacial 
epochs, but that the ice fields must have become much restricted during such 
periods. In the case of the interglacial period between horizons 4 and 5, with 
its coal measures and thick coal seams, gl^ial conditions probably almost ceased 
at that time. 
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Besides these major oscillatioiis of climate dmrmg this period, the detailed 
section of the Kuttung Series indicates also minor oscillations ; as has already 
been shown, there are in the Main Glacial series of the Hunter Eiver district 
at least four horizons of tillites and varre shales separated from one another 
by moderate thicknesses of non-glacial strata, indicating successive advances 
and retreats of the ice-sheets. 

Conclusive evidence exists, therefore, that throughout the greater part of 
the Carboniferous and Permian periods great ice-sheets existed in Australia, and 
that during the Kuttung epoch land ice existed as far north in Queensland as 
Lat. 30° 8., and that during Permian time drifting ice deposited morainic material 
as far north as Lat. 18° 8., and, as these occurrences extend much nearer to the 
equator than similar deposits of Pleistocene age, the refrigeration of the climate 
in Upper Paheozoic time must have been greater than that which occurred in 
the last great Ice Age, when no land ice appears to have occurred nearer to the 
equator than Lat. 40°. 

It is important to note that glaciation was not limited to the Australian 
continent in Upper Palaeozoic times ; similar glacial deposits of this age are also 
foimd in Africa and 8outh America over large areas, and in the Northern Hemi- 
sphere extensive deposits have been found in India, while limited deposits occur 
in the United 8tates near Boston, and also in England and Germany in Europe. 
The Upper Palaeozoic refrigeration of the climate was therefore worldwide, but 
the areas affected by the glaciation appear to have been much more extensive 
in the 8outhem than in the Northern Hemisphere. 

The Teiassic and Jueassic Peeiods. 

The available evidence suggests that during these two periods the geological 
history was very similar and it will be convenient therefore to consider them 
together. 

At the close of the Permian period important earth movements took place 
which brought about a general uplift of the land of moderate amount, accom- 
panied by a complete retreat of the epicontinental seas which had covered such 
laige areas during the Permian period. As a result, at the beginning of the 
Triassic period the Australian continent extended further seawards in most 
parts than it does today. This was particularly the case along its eastern 
margin, where it extended some considerable distance across what is now the 
Tasman 8ea ; this eastern extension, which has since disappeared beneath the 
sea, has been called Tasmantis. 

8ome of the Permian fresh-water lakes in which the Upper Coal Measures 
had been deposited still continued as such into the Triassic period, and new 
lakes developed ; thus by the beginning of the Jurassic period very extensive 
areas in eastern Australia were covered by such lakes. The largest of these has 
been called Lake Walloon ; it extended from the coast in south-eastern Queens- 
land, westward into central Australia, covered parts of northern New 8outh 
Wales and extended from there northwards to the present Gulf of Carpentaria ; 
its area must have been at least 300,000 square miles. In these Triassic- Jurassic 
lakes a fairly thick series of fresh-water strata was deposited and in many places 
valuable coal seams are included, such as the Ipswich coal measures of Queens- 
land and the Gippsland Coal Measures of Victoria. The fresh-water strata 
have yielded an abundance of fossil land plants, as well as fossil insects. Amphibia, 
fish and reptiles. Many fossil insects have been obtained at Ipswich in Queens- 
land, including many dragon-flies ; they have been described by R. J. Tfllyard, 
and from their nature and the large size of many of them he inferred that they 
indicated a warm climate. The remains of reptiles found in Queensland belong 
to an extinct group of large individuals called Dinosaurs, and these also indicate 
at least a mild climate ; one of these, Bhcetosaurus, was about 40 feet in length. 



60 


0. A. SUSSMIIiOH. 


No marine strata of Triassio or Jurassic age have been found in Australia, 
except a limited area of Jurassic marine strata in north-west Australia. The 
eyidence of the land animals and plants found, however, suggests that the 
climate duriug these two periods was at least as warm as, and probably warmer 
than, it is today. This is supported by the evidence from the Northern Hemi- 
sphere, where in Upi)er Triassic times coral reefs extended into Alashfl, (Lat. 
60° N.), some 2,000 miles north of the present day limit of reef-building corals. 
While the evidence from the Northern Hemisphere in general suggests a warm 
climate, it also indicates that some marked oscillations took place, but it was 
never very cold. Professor Neumayer, of Vienna, as a result of his study in 
1883 of a group of cephalopods called the Ammonites and their distribution, 
concluded that the earth in Jurassic times had clearly marked equatorial 
temperate and cool polar climates, agreeing in the main with the present 
occurrences of the same zones. 

The Oeetaceous Pebiod. 

At the close of the Jurassic period an invasion of the sea took place from the 
north and converted most of the area previously occupied by Lake Walloon 
into an arm of the sea. This extensive epicontinental sea extended southwards 
into northern New South Wales and south-westwards into northern South 
Australia ; it possibly extended also as far southwards as the Great Australian 
Bight and thus completely divided the Australian continent into two parts 
This sea brought with it an abundant marine fauna, now found as fossils in the 
strata deposited in it. Prom a study of these fossils P. W. Whitehouse has 
concluded that the water was comparatively cold, his reasons being as follow : 

(1) The fauna contains no reef -building corals, no Budistid lamellibranchs, 
no equatorial types of Ammonites, and no large types of Poraminifera. 

(2) Angular fresh felspars occur throughout the Boma and Tambo series 
of the Lower Cretaceous. 

(3) Ice-bome erratics, some of which show faint glacial striae, occur as 
dropped boulders indenting the underlying Cretaceous shales at Stuart 
Bange in South Australia and at White Cliffs in New South Wales. 

(4) Pseudomorphs in opal after glauberite are numerous at White Cliffs ; 
these resemble the Glendonites associated with glacial erratics found in 
the marine sediments of the Middle Permian of New South Wales. 

This evidence of cold cUmate receives support from the finding of terrestrial 
glacial deposits in South Australia by W. G. Woolnough and T. W. E. David. 
These deposits occur in the Plinders Bange between latitudes 26° 26' S. and 
30° 25' S., that is near the southern margin of the Cretaceous sea ; they have 
been traced over an area of about 40,000 square miles. 

E. J. Kenny has recorded the presence*- of glacial erratics in the Lower 
Cretaceous marine strata of the Tibooburra district of New South Wales, where 
they are associated with typical marine fossils of that age. 

The existence of probable glacial beds of a similar age has been reported 
from Great Britain, Iceland, Spitsbergen and South Africa, so that a cold climate 
appears to have been worldwide at this time ; it is not considered, however, 
that it was so pronounced as that of Upper Palaeozoic time. 

The Tertiary Period. 

The first three subdivisions of the Cainozoic era, which are called the Eocene, 
Miocene and Pliocene periods respectively, are frequently grouped together and 
referred to as the Tertiary period ; and we will follow that practice here. 

At the close of the Cretaceous period important earth movements took 
place which appear to have brought about a complete disappearance of the 
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epicontineatal seas aiid fresh-water lakes which had covered such large areas 
in that period. Just what happened during the Eocene period we do not know, 
as no rocks of this age have yet been found in Australia. Towards the close of 
the Eocene period a subsidence began in the southern parts of Australia accom- 
panied by considerable transgression of the sea along the present southern 
margin of the continent ; this subsidence continued throughout the Miocene and 



Fig. 3. Generalised curves to interpret the more important climatic 
changes in Queensland since Miocene times. The centre line represents 
present-day conditions. The continuous curve assesses rainfall values. 

The broken line is a general temperature curve. In both curves the cusps 
to the left represent values higher than at present ; cusps to the right 

are lower values. 

(After Whitehouse.] 
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Pliocene periods and considerable thicknesses of marine strata were deposited. 
These strata contain an abundance of marine fossils, mostly polyzoa and 
moUusca ; some fragmentary remaius of whales and sharks have also been found. 
Beef-building corals are rare, but one genus has been found in the Miocene strata 
of Table Cape in Tasmania, and from this occurrence T. W. E. David<‘> has 
si^gested that the sea there must have been at least 10° F. warmer than it is 
today, and states further that towards the close of the Pliocene period the 
evidence suggests that the seas were getting steadily colder. 

Fresh-water deposits, mainly river deposits, of Miocene and Pliocene age 
have been found at many localities in the eastern half of Australia, extending 
from Queensland to Tasmania and as far west as South Australia, and many of 
these fossils appear to be very closely related to, and in some cases “ identical ” 
with, plants occurrii^ in our present day “ brush ” forests (rain-forests), now 
growing in those eastern parts of Queensland and New South Wales where there 
is a fairly hot climate with a high rainfall. The wide distribution of this type 
of vegetation in Tertiary time suggests, therefore, a warm moist climate as far 
south as Tasmania and extending westwards into regions which are now too 
arid to support such a vegetation. The evidence both from the marine animals 
and the land plants therefore indicates a climate somewhat warmer and certainly 
moister than that of today, and this view is supported by evidence from other 
parts of the world. Possibly in Upper Pliocene times a cooling of the climate 
began which culminated in the great ice age of the followmg Pleistocene period. 

In Text-figure 3 is shown a diagram prepared by Dr. F. W. Whitehouse 
showing oscillations of the climate of western Queensland extendiii^ from the 
Miocene period down to the present day ; this is based on variations in the nature 
of the rocks and soils formed durmg the periods represented. It shows variations 
in rainfall as well as temperature, but the curves representing the rainfall do not 
seem to have any definite relation to the general curve representing the 
temperature. 


The Pleistocene Period. 

Very pronounced earth movements took place in Australia at the close of 
the Tertiary period as a result of which our present mountains and tablelands 
were elevated to their present positions. Prior to this uplift most of the con- 
tinent appears to have been low-lying with only occasional isolated hills and 
short narrow ridges rising above the general level. The production of that 
great belt of tablelands (the Australian Cordillera) which now exists along the 
whole of the eastern margin of the continent, and ranges up to 4,000 feet or more 
in altitude, must naturally have had some modifying influence on the climate 
locally, but this could not have had any very profound influence on the climate 
of Australia as a whole. Similar mountain-makiug movements took place 
simultaneously in many other parts of the world, and such great mountain 
ranges as the Alps, Himalayas, Rocky Mountains and Andes were elevated 
at this time. 

Following soon after this great mountain-making epoch, but not necessarily 
resulting from it, there developed a very pronounced refrigeration of the climate 
throughout the world, which produced one of the world’s great ice-ages. Great 
ice-sheets came into being, ultimately covering some 12,000,000 square miles 
of the earth’s surface ; in Europe these extended southwards to London and 
Berlin, and in North America southwards to Cincinnatti in the Mossissippi 
Valley. Glaciation occurred also in the Southern Hemisphere and affected 
considerable areas in South America, New Zealand and Australia. During 
this glacial period a considerable lowering of the snow-line took place which 
varied in amount from place to place, but which averaged about 4,000 feet. 
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Thc! area submerged under ice in Australia was quite* small. About om*- 
half of Tasmania was covered and on the west coast the glaciers extended almost, 
down to sea-level, and the ice ranged up to 1,500 fe<*t in thickness ; ])eat beds 
occurring in some of the* tillites suggests interglacial epoe.hs. (In t he contine'iit 
of Australia the glaciation was limited to the* small area of the Kosciusko Table- 
land which projects above the 5,000 feet, level. The suow-lini* in tliis region 
is today at an eh^vation of about 8,000 feet, and in Pleistocene times it was 
lowered to about 5,000 feet ; no other part of the mainland reaches this <*levation, 
apart from the tops of a few isolated pi'aks, and these an^ too small in area to 
have allowed of sulficient accumulation of snow to form glaciers. T. W. E. 
David states that in the Kosciusko ri'gion*'** a small ie.(‘-sheet formed early in 
Pleistocene times, and towards the en<l of the p(*riod, as thi* cold became less 
intense, this split up into small valley glaciers, and these liually disappeari'd not 
less than about. ^0,000 years ago. 

The reason why Australia, as a whole, was so littk* aHeided by tin* Pleistocene 
glaciation is that. it. does not proji'ct. sutficiently far to t he south. In the Northern 
Ht'misphen* all t.h<‘ art*as glaciat.<'d, (‘xcept some of the* high mountains, lay on 
the pohward side of Lat.. 40’ N., whereas in Australia the only part lying on the 
pohfward side of tin* (^orresI)onding south latitude is Tasmania. 

Because of the very much larger area occupied by t he ice-slu'cts in Europe 
and North America, thesi* regions display a much more comph'te ri'cord of the 
glacial conditions than Australia. Th<> Alpine region of Euroxa* givc's evidc'uce 
of at least, four distinct advances of tin* icc*, sexiarated from oiu* another by v<‘ry 
definite int.(‘rglacial exiochs during which the c.limati* was at l<‘ast as warm as, 
I)erhai)s a little warmer than, it is today.; one of these interglacial exiochs 
(iontinued for such a long x>criod of time that tin* ic,(“-she(‘ts may havi* almost. 
(‘Utirely disaxipeared for a considi'rable xieriod of tinu*, only to advaiuic again, 
howT'ver, during the lU'xt glac-ial (*x>och. In North Am<*rica th(*r(* W(‘re no less 
than five sexiarate advances of the ice-sheets. 

Various estimates have been made as to tlu* length of tinu* oeiaixiied by the 
Pleistocene ic(*-age ; t hese (*stimates vary from 360,000 years to 1 ,000,000 
years. A. P. ('olemaid'* gives as his considered oxiinion a xieriod of from 600.000 
to 700,000 years, and also conclud«‘d that the last iee-she(‘t began to n“treat 
some 115,000 to 35,000 years ago. 

Two large areas are today still submerged und<*r great iei'-slunds ; llu'se 
are the Antarctic continent and tin* islanil of Greenland, rexiri'senting an area of 
nearly 6,000,000 square mih's ; many of the high mountain ranges also sux)X)orf. 
large glaciers. In all of these regions th<* ice today is sti'adily retreating. Both 
iVntarctica ami Greenland have liad mild climates in x>ast geological x>eriods and 
consi'quently some* g(*ologists consider that the gr(*at i(;(*-agt“ is not y(‘t finishc'd, 
and that at the xiresent time we an* living in an inf (*rglacial exioc.h. 

In some of the Pleistocene terrestrial dex>osits of Australia th(*re have been 
foimii the bones of some extinct marsupials some* of which wen* much larger 
than any living rexiresentatives of this groux) of v(*rtebrafe animals. Thesi* 
hav(* been foun<l not only in tlu* coastal regions wlu'n* there is today a relatively 
good rainfall, but also in some of the very arid n*gions of tV*ntral Australia. 
From Lake Oalabonna in the northern i>art of South Australia almost c.onix)let.(^ 
skeletons of an extinct marsupial, Diiirotodon, somewhat like* a wombat in 
general form but almost as large as a rhinoiieros, have b<*en foimd ; and for 
herds of these largi* slow-moving animals to have* existed these regions must 
have had a much better rainfall fhen than they have now. 

Summary. 

From the evidenci* given it will be obvious that very mark(*d changes in 
the climate of Australia have taken place since th(* bi'ginning of geological 
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time ; the more important of these are shown diagrammatically in Fig. 1. On 
the right-hand side of this diagram the vertical Ihxe indicates the present-day 
climate, while the dotted line indicates the variations, the curves to the left 
indicating the colder periods, whereas those to the right indicate the warmer 
periods. It will be noticed that very definite colder periods occurred during 
(a) the Upper Proterozoic era, (b) the Carboniferous-Permian periods, (c) the 
Cretaceous period, (d) the Pleistocene period. It is worthy of note that each of 
the great glaciations occurred at or near the close of the Proterozoic, Palaeozoic, 
Mesozoic and Cainozoic eras respectively. On the other hand the definitely 
warmer periods, which were relatively longer, appear to have started at the 
beginning of each era and continued through several periods until interrupted 
by the oncoming colder period towards the close of the era. These facts suggest 
that the average climate of the past has been warmer than that of today. 

The changes of climate, shown in this diagram may be referred to as the 
major ones ; in addition there were changes of a second order, such as the 
interglacial epochs which took place, for example, during the Carboniferous- 
Permian glacial period, each of winch must have lasted quite a long time. There 
were oscillations also of a third order, such as those indicated in the diagram 
in Fig. 3, and superimposed on these again may have been even less important 
changes. 

Another feature that should be noticed is that the climatic changes which 
Australia has suffered appear to correspond in general with those which occurred 
simultaneously in other parts of the world, indicating a control which was 
worldwide in its operation. 

It is not proposed to discuss here the possible causes of these changes of 
climate ; many theories have been advanced, but none have yet met with 
general acceptance, and it may be said that this is still one of the unsolved 
problems of geology. 
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AN EXAMINATION OF THE ESSENTIAL OILS DISTILLED FEOM 
THE TIPS AND NORMAL OUT OF EUVALYPTVti POLYBPAVTMA. 


By PHn.ip A. Beery, m.Sc.. 
and Thomas B. Swanson, m.Sc. 

(Manuscript received^ May 8, 2941. Head, June 4, 1941.) 


The examination of the oils obtained by monthly distillation of (a) growing 
tips and (6) old leaf of E. eneorifoHa showed marked dilTerences between the two 
series (Berry, Macbeth and Swanson, J937, 1443). The yield of oil 

from the growing tips increased during the period of active growth, accompanied 
by a pronoimced increase in terpene content, while oils from old leaf showed only 
slight variation from month to month. The association of l-x and 1-^ phel- 
landrene in («) with i-phellandral, Ll-isopropyl- A®-cyclohexen-l-one (termed 
cryptone, J.C.B., 1938, 1409) and cuminal was dise.ussed in connection with the 
biogenetic relationship of these constituents. 

Since E. polybractea has been shown to contain the same three carbonyl 
constituents (Penfold, J.C.S., 1922, 121, 206 ; (’aim, Penfold and Simonsen, 
ibid., 1931, 1360 ; Berry, Macbeth and Swanson, ibid., 1937, 986), it was decided 
to examine oils distilled monthly from the tips of this species and also from the 
normal growth, to see if a similar relationship occurred. Messrs. J. Bosisto & 
Oo. Pty. Ltd. kindly collected the material an<l carried out the monthly distilla- 
tions of the oils (Tables I and II). 

Only slight differences occurred betw'een the two series. The variations 
in the monthly oils from the young dps w'ere remarkably small ; alcohols ranged 
from 1-9% to 5-6%, aldehydes and ketones from 2-2% to 3-7%, cineole from 
87-2% to 92 ’0%, and terpenes, etc., from 2-2% to 7-2%. No evidence of a 
seasonal variation in the composition of the oils from the young tips was apparent. 
Unfortunately, the climatic conditions during th<* period of the investigation 
were most u^avourable and imdoubtedly adversely affected the formation of 
oil. It is during the months October to Ja.nuary that the most pronoimced 
variations in the oils are likely to occur. The rainfall for the year 1938 was only 
7 inches (average annual 17 "87 inches), while the excessively hot summer of the 
year 1938-1939 was also an important factor. One leading distiller recorded 
that the drought had caused the leaves to wither and turn yellow. We hope 
at a later date to examine the oils over a normal season and see if any appreciable 
variation occurs in the oils from the growing tips. 

It was decided, however, to carry out a more detailed investigation of 
several samples of the oils to see if relevant differences could be observed and to 
identify the aldehydes and terpenes present. 

The results of a detailed examination of four of the samples of oil have beeir 
summarised in Table III. 

In the oils examined, the high boiling carbonyl constituents have been 
identified as a mixture of Lphellandral, i-cryptone (L4-isopropyl- A^-cyclo- 
hexen-l-one) and cuminal. Insufficient material was obtained for the accurate 
estimation of the relative proportions of cuminal, cryptone and pheUandral. 
The total amounts recovered varied from 25% to 60% of the amount present as 
indicated by the hydroxylamine estimation. Associated with these carbonyl 

B — June 4, 1941. 
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Tablb 111. 


Oil 

umber. 

Ketone 
Percentage 
in Crude 
Oil. 

(Actual 

Recovery.) 

Phellandral 

and 

Cuminal 
Mbcture 
(Percentage 
in Crude 
Oil.) 
(Actual 
Recovery.) 

.^proximate 

Percentage 

of 

Phellandral 

In 

Mixture. 

Percentage 

Terpene 

and 

Cymene 
in OU. 
(Actual 
Recovery.) 

Terpene 

and 

Cymene j 
Rotation 
[alp. 

Percentage 

Cymene 

in 

Terpene 

Fraction. 

Percentage 
Cymene 
in 00. 

1. 

Normal cut 
28/3/88. 

2. 

Growing tips 
80/8/38. 

5. 

Normal cut 
25/5/88. 

a 

0-52 i 

! 

0-74 

5 

21 

+13-3 

! 

46-7 

10 

0*50 

0*40 

! 12 

6-2 

+ 11-6 

38'7 

20 

0-90 

111 

84 

40 

+ 00 

200 

1*2 

o» 

Growing tips 
25/6/^. 

0-50 

0-42 

i 

6 

4-1 

+ 11-8 

21-5 

0-0 


compounds is a dextro-rotatory terpene which has not yet been identified, but 
which definitely contains no appreciable amount of phellandrene. In this 
connection it is of interest to note that during the investigation of the oils 
distilled from the tips of E. cneorifolia, dextro-rotatory terpene fractions were 
obtained from some of the winter oils (i.e. after growth had ceased). These 
responded only slightly to the test, for phellandrene. A further investigation 
of this terpene will be carried out. 

Cymene is present in the oils in association with the terpene and constitutes 
approximately from 20-50% of the terpene fraction. Some evidence was 
obtained of the presence of keto-phenols in the oil. 

As will be seen from Tables I and II, cineolc constitutes approximately 
90% of every sample, the range over 26 samples being 86 - 2% to 92%, a remark- 
ably uniform result, .\lcohols wens also present, but no further work has been 
done on them. 

Meteorological Data. 

Eainfall. 

Inglewood, Victoria. 

Average Monthly and Annual Bainfall. 

(In Inches.) 


Years. 

, 1 
Jan. 1 

j 

Feb. 

1 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

51 years of record 

0-07 

102 

110 

1-30 

1-99 

2-22 

1-73 

1-92 

1-07 

1-48 

118 

1-20 

17-87 

1937 

1-74 

0-60 

0 19 

1*31 

110 

0-07 

0-34 

169 

0*90 

317 

0-23 

113 

13-03 

1038 

0-74 1 

0-50 

009 

0*08 

0-21 

1-04 

1-97 

0'67 

019 

0 05 

0-30 

— 

7-01 

1930 

0*93 

i 

4-80 

0*40 

3 08 

2-84 

2-53 

1-34 

2-29 

093 

1-03 

3 00 

0-32 

24-10 


Temperature. 


Bendigo, Victoria (the nearest town recording these details). 
Average Mean Maximum Monthly Temperature. 


Years. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

75 years of record 

85-4 

85-2 

79-2 

70-0 

01-4 

65-2 

54-0 

57-2 

02-4 

09-2 

70-4 

81-9 

09*8 

1037 

78-3 

84-2 1 

70-9 

08-2 

00-5 

50-4 

54-0 

00-3 

03-2 

71*0 

80-9 

80*0 

69*8 

1938 

82-1 

81-7 i 

81-7 

73-5 

00-4 j 

58-0 

53-4 

57'2 

04-2 

74-0 

80*2 

82*7 

70-9 

1930 

91-0 

80-3 

77-0 

07-8 

02-2 

53-2 

52-0 

54-0 

00-8 

07-0 

70*8 

77*7 

68-4 


ESSENTIAL OILS DISTILLED FEOM EUCALYPTUS POLYBRACTEA. 


69 


Experimental. 

Distillations. 

The distillations were carried out by Messrs. J. Bosisto & Co. Pty. Ltd. at their Richmond 
factory from material collected at Inglewood (Victoria). The leaves (average weight about 
150 lb.) were delivered at Richmond the day after cutting, and the oil distilled as soon as possible 
by steam distillation. The time of distillation was 3J hours. The crude oils were analysed 
without further rectification, cineole being determined by the o-crosol method ; alcohols (cal- 
culated as CioHjgO) by difference between the ester value of the oil and the ester value after 
acetylation ; aldehydes and ketones by the hydroxy lamine method ; and terpenes by difference. 
Aldehydes and ketones were calculated as CioHi 40 , in conformity with our work on E. cneorifoUa 
oils (loc. cii.). The ester values have not been calculated in terms of a particular ester, since the 
individual values are comparatively low ; the figures for terpenes, etc., therefore include esters. 

Examination of Individuai Oiis. 

As the method of separation and identification of the various constituents was the same 
for each oil, it will be sufficient to describe the general method, and a typical result. 

The following are the results for oil No. 5. The methods used for the separation of the 
various constituents are <lescribed previously (Berry, Macbeth and Swanson, loc. cii.). 

Crude oil, 1,007 gm. Extracted with 500 ml. of 35% Na 2 S 03 . LTnabsorbed oil 994 gin. 
ra]D —1-2. Ketone recovered 9-0 gm., [a]D —43'^. Identified by preparation of p-nitro- 
phenylhydrazone, m.pt. 168° C. (recryst. from MeOH) , m.pt. undepressed by admixture with 
same derivative of authentic /-cryptono (Z- 4-isopropyl cyclohexen-1 -one). 

The unabsorbed oil, after drying with anhydrous magnesium sulphate, weighed 911 gm., 
and was thou distilled under a pressure of 2 mm., through a 50 cm. rod and dis(^ column with the 
following result : 


Kractiou. 

Weight. 

I’emperature. 

J*resbure. 

Specific 

(Iravity. 

ir)“/]5“. 

' 

Specific 

notation 

falj,. 

1 

a 

110 

40-44 

inin 

2 

0 9227 

+ 1-43 

2 

468 

44-48 

2 

0-9239 

+0-97 

3 

180 

48-49 


0 • 9258 

4 1 08 

8tiU reaiducb 

130 



0 9649 

-] -50 

Loss 

17 



1 

1 



When treated as described before the still residues gave 7*1 g. of aldehyde A, [ajn —31 -3, 
and 3*0 g. aldehyde C, [a]D —40*2. These two aldehydes were mixed in alcoholic solution and 
treated with boiling 35% sodium bisulphite solution (Penfold’s separation). From the solid cake 
was obtained 4*0 g. aldehyde, [a]D ±0, This gave a p-nitro-phenylhydrazone m.pt. 192-193° C., 
recryst. from MeOH, which gave no depression of m.pt. when mixed with an authentic specimen 
of cuminal p-nitro-phenylhydrazone. The aldehyde oxidised rapidly in air, and after purification 
and recrystallisation from dil. acetic acid, the acid so obtained melted at 117° C. (cuminic acid). 

From the bisulphite solution of the above separation was obtained 3 0 g. aldehyde, 
fa]D —66 *7°. This gave a 2:4 dinitro-phenylhydrazone, m.pt. 201-202° C., recryst. from 
ethyl aeetate ; mixed m.pt. with authentic Z-phellandral derivative showing no depression. 
The remainder of the aldehyde was oxidised to the corresponding xmsaturated acid, m.pt. 144° C., 
recryst. from aqueous MeOH; [a]D —103 (c., 2-05 in MeOH), which are the constants for 
Lphellandric acid. 

Twenty per cent, of the combined terpene fraction, treated as described before, with the 
modification that it was mixed with twice its volume of petroleum ether before shaking with 
resorcinol solution, gave 7*3 g. of terpene and cymene. This had [a]D *f-9*0 for the mixture 
and gave no precipitate in petroleum ether solution when treated with nitrous acid at 0° C., 
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thus indicating absence of phellandrene. From this was obtained 2*1 g. of cymene, optically 
inactive, which on oxidation with hot aqueous potassium permanganate gave the characteristic 
p-hydroxyisopropyl benzoic acid, m.pt. 166-157^ C. 

Separation of Phenols, etc. 

The crude oil was shaken twice with 40 c.c. of 5% NaOH, and twice with 50 c.c. of water. 
The combined extracts were shaken with ether to remove adhering oil and then acidified with 
3N sulphuric acid in the presence of ether. After drying and removal of ether the alkali -soluble 
fractions were recovered. 

To attempt a separation of these fractions, the above material was dissolved in ether and 
shaken with 5% sodium carbonate solution (Trikojus and White, Proc, Royal Soc. N,S.W,y 1932, 
6*6*, 279). From the ether an oil was recovered, and by acidification and extraction of the 
sodium carbonate solution in the usual way with ether a second oily fraction was obtained. 

Neither fraction as prepared above gave definite colour reac:tions characteristic of australol 
(Earl and Trikojus, Proc, Royal Soc. N.S.W.^ 1925, 59, 301) or “ Tasmanol ” (loc. cit.) with alcoholic 
ferric chloride, and an attempt to prepare the benzoate of the portion soluble in NaOH only, 
yielded a non-crystalline gum. 

Both the fraction soluble in sodium carbonate solution and the fraction soluble in sodium 
hydroxide solution were examined to determine if they contained any of the keto -phenols reported 
by Reuter (Jour, and Proc. Auat. Ckem. Inst., 1938, 5, 291). It was noticed that the fraction 
soluble in NaOH gave a blue-green colour with alcoholic ferric chloride and reacted with 2 : 4 
dinitro -phony Ihydrazine to give a precipitate, m.pt. 125° C. The fraction soluble in sodium 
carbonate gave no precipitate with the above reagent and appeared to bo chiefly a mixture of 
liquid acids. This result would appear to confirm that of Reuter (loc. cit.) that keto -phenols 
are present in the oil of this species. 

We wish to thank Professor A. K. Macbeth, who suggested this investigation, 
and under whose direction it was carried out ; also Bosisto & Co. Pty. Ltd. 
for collecting the material and distilling the oils. 

One of us (T.B.S.) is indebted to the Commonwealth Government for. a 
Kederal Besearch Grant which enabled him to complete the work. 

Johnson Chemical Laboratories, 

The University of Adelaide. 

New England University College, 

Armidale, N.S.W. 
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By E. T. Wade, m.a., Ph.D. 

(With Plates II, III and 8 Text -figures.) 
(ManiMcript received^ April 23^ 1941. Bead, June 4, 1941 ) 


The Collections. 

In, 1896 the Geological Survey of New South Wales published a liescription 
by Smith Woodward of a collection of fossil fislies from a locality near Talbragar 
Creek, north of Gulgong, New South Wales.*^' Tlu* greater ])art of this collection 
and one made by fbe late John Mitchell are hous(‘d in the Australian Museum, 
Sydney. 

In 1936 and 1939, with some financial assistance — now gratefully acknow- 
ledged — ^from the Council for Scientific and Industrial Eeseareli, I was able to 
visit the field and collect not only si)ecimens of most of the recorded species, 
but also several specimens of a new Macrosemiid. 

Locality and Age. 

The fossils were found at Farr’s IliU, Uarbry Eoad, about 16 miles from 
Gulgong, but the beds are best approached from fbe Mudgee-Cassilis road, 
through Bobadean Station, situated about 3 miles from Farr’s Hill. 

The age of the beds is discussed by J. A. Dulhunty.”’ 

The Cenogenoidei. 

Under this head are grouped the fishes ^theolepis, Arehn’oma’ne, and 
Aphnelepis of Smith Woodward.'^* He provisionally assigned ^theolepin 
and Aphnelepis to the Semionotidae, and Archceomaine (2 spp.) to the Plioli- 
dophoridse. Goodrich*®’ removed Archafomcpne to a new family, the name of 
which by transliteration is printed as Archaeonemidae, the genus being termed 
Archoeonemus [sic.]. Now, however, that the structure of the heads of these 
genera is known, it is quite clear that none are referable to any of the recognised 
Holostean families. 

The chief reason both for regarding them as a group of related families 
and for separating the group from the normal Holostei is to be found in the 
structure of the cheek. This is covered by three bones : a large suborbital 
adjoining the operculum, a moderately extensive preoperculum, and a greatly 
expanded circumorbital, which extends backwards from the postero-inferior 
margin of the orbit to the preoperculum. Of much less importance in itself, 
but reinforcing the argument from the unusual cheek, is the blending of primitive, 
Holostean, Holosteo-Teleostean, and Teleostean characters revealed in the 
systematic description of the species. 

While the reference of Archceomcene to the Pholidophoridae can no longer 
be maintained, Arehceomeene is very like species of Pholidophorus in the shape 
of the whole fish, the shape of the mouth and of the lower jaw, the shape of the 
maxiUsB and supramaxillse. The most important respects in which AreXceomcene 
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dilferB from Fholidophorus are : (a) the scales of Archceomcme are cycloid ; 
(b) vertebral rings and ossified ribs are found in Arohteomcene ; (c) the circum- 
orbit^ in the cheek of ArohoBomwne covers a large part of that area, but 
Pholidophorus has two very slightly extended circumorbitals. 

These differences, however, may well be regarded as developments of, or 
advances beyond, the Pholidophorid structure, in which case it would be 
reasonable to conclude that the j^chseomsenidse are derived from a Pholidophorid 
stock. 

The resemblance of Mtheolepis and Aphnelepia to Archceomame in the 
structure of the cheek and some other characters would associate them with 
ArcTKeontiBne as derived also from the PhoUdophoridse, while to support thi^ 
view of the origin of AEfheolepis there is added the resemblance of the lower jaw 
of MtheoUpia to that of Leptolepis, a genus which is usually regarded as pro- 
ceeding from the Pholidophoridse. 

It might be inferred, then, either that the three families are derived from a 
common species of Pholidophorus, and have separated from each other as a 
result of adaptive radiation, or that they were separately derived from closely 
allied species of PhoUdophovus. The first inference would rely on the great 
plasticity which piscine structures display under environmental pressure ; the 
second on the known unevenness in the structural characters of the Pholido- 
phoridse, into which in the past many species have been dumped on very scanty 
evidence. 

Thus we seem provided at the emergence of the Teleostei with a set of 
structural conditions parallel with those at the emergence of the Holostei. At 
the end of the Permian epoch and beginning of the Triassic there were : (1) 
persistent Palseonisoidse ; (2) species of sub-Holostei which retain much of the 
Palseoniscid structure but exhibit advance in one or more particulars to the 
Holostean condition ; (3) a true Holostean. Likewise, here, early in the Jurassic, 
there are, together with the earliest of the Teleostei (Leptolepis) : (1) Palseo- 
niscidse, now somewhat Teleostean {Coccolepis with cycloid scales) ; (2) Holostei.; 
(3) the Cenogenoidei, exhibiting some Teleostean characters — an example of 
convergent evolution similar to that evident in the mutual relations of sub- 
Holostei and Holostei. 

In ^ three orders — Chondrostei (Coccolepis), Holostei (e.g. Archceotncene), 
Teleostei (e.g. Leptolepis ) — the change occurred contemporaneously from ganoid 
to cycloid scales, as though this alteration in genetic constitution were a function 
of time. 


Lettbeing Used in Tbxt-figuees. 


Clei. . . Cleithrum. Pas. 

C.O. . . Circumorbital. pi. . . 

Pr Frontal. P.Mx. 

Gu. . . Gular plate. P.Op. 

I.Op. . . Interoperculum. P.Op.C. 

Lac. . . Lachrymal. P.Eos. 

L.L.C. . . Lateral line canal. P.T. 

Md. . . Mandible. E.Br. 

Md.C. Mandibular canal. S.Clei. 

Md.Sym. . . Mandibular symphysis. S.Mx. 

Mx. . . Maxilla. 8.0. 

Na. . . . . Hasal. S.O.C. 

Op. . . Operculum. S.Op. 

Orb. . . Orbit. 8.T. 

Pa Parietal. Tab. . . 


Parasphenoid. 

“ Pitline.” 
Premaxilla. 
Preoperculum. 
Pre-opercular canal. 
Post-rostral. 

Post- temporal. 

Branohiostegal rays. 

Supra-cleitlnum. 

Supra-maxillary. 

Suborbital. 

Supraorbital canal. 

Suboperculum. 

Supratemporal. 

Tabular. 
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Order H0L08TEI. 

Sub-Order Cenogenoidei. 

Small fishes having eye large, cheek covered by preoperculum, large circum- 
orbital, and one large suborbital ; supraorbital sensory canals ending back in 
frontals or in parietals. Vertebrse not constricted ; ribs ossified ; scales ganoid, 
or ganoid together with cycloid, or cycloid with trace of ganoine. Other known 
characters Holostean. 

The name, from kainos, new, and genus, cheek, refers to the approach 
made in the structure of the cheek to the Teleostean condition of that area. 

Family Archeomasnidse. 

Diagnosis. Small fishes having fusiform bodies that may be deep. Snout 
obtuse. Upper fleshy lobe of tail moderately produced ; caudal fin forked. 
Suspensorium slightly inclined forwards ; gape small, teeth minute. Bones 
of head smooth or very faintly ornamented. Scales smooth, nearly cycloid. 
Fins small ; median fins may be of moderate size. 

Notochord persistent, ring vertebrse feebly developed or absent. Ribs 
long, slender ; ribs, neural and haemal arches and spines superficially calcified. 

Premaxillse small, triangular ; median postrostral small ; nasals large, 
irregular. Frontals large, not greatly excavated over orbits, w^ide behin<i 
orbits, narrowed greatly between upper ends of nasals ; parietals large, quad- 
rangular ; tabulars triangular, placed behind parietals and supratemporals ; 
supratemporals of moderate size, irregular. Circumorbital series of more than 
seven bones, one of which extends well over cheek. One large suborbital much 
deeper than long ; preoperculum arcuate, extending forwards ventrally. 
Operculum much larger than suboperculum ; interoperculum small, triangular ; 
branchiostegal rays few or moderately numerous ; median gular large, tri- 
angular. Maxillse long, tapering greatly anteriorly ; supramaxillse small. 
Mandible long, not greatly deepened in coronoid region, tapering gently anteriorly. 

Fin rays with long proximal joint, branched and divided into small joints 
distaUy ; fulcra small. Scales smooth, thin, almost cycloidal ; thicker and 
overlapping to give ai)pearance of rhombic scales on anterior flank ; not deepened 
on flanks. 

Genus Archaeomaene Woodward, 1895. 

Diagnosis. Small Archaeomaenidae having “ gracefully fusiform ” bodies. 
Fins small, fin rays somewhat delicate. Circumorbital bones of symmetrical 
shapes ; circumorbital which extends over cheek of moderate size only. Pre- 
operculum of nearly uniform width except at tapered lower end. BrancMostegal 
rays fairly numerous. Cleithrum arcuate, bent forwards ventrally beneath 
branchiostegal rays ; supracleithrum deep, with expanded head. Supraorbital 
sensory canals endmg back m parietals. All fins small ; pectoral with about 
ten rays, pelvic five or six, dorsal at least ten, anal about fourteen. 

Genotype. Arehoeomoene tenuis Woodward. 

Archaeomaene tenuis Woodward. 

(PI. II ; Text-figs. 1, 2, 3, 4.) 

Diagnosis. As for genus. 

Holotype. A nearly complete fish, No. 69, the original of Plate II, fig. 6, 
Woodward, in the Mining Museum, Sydney. 

Material. The holotype and seven specimens. Nos. MF. 761, MF. 257, 
MF. 268, MF. 269, F. 39292, F. 39293, F. 27070, in the Australian Museum, 
and several specimens in my own collection. 

P— June 4, 1941. 
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Head. The head, which is comparatively small, is about as deep as 1 od|'. 
The orbit is large, placed well forward and <seutrally. The snspensoiium is 
slightly inclined forwards. Both mandible and maxilla are moderately long, 
but the gai>e is small. 

The structure of the snout is clearly displayed in specimen No. F. 39292 
(PL 11, flg. 1 ; text-fig. 1). Small, triangular, dentigerous premaxillse, of little 
depth, are surmounted by a postrostral, the greater part of the area of which 
extends as a triangle between the lower margins of nasals of moderate size, 
which meet above the postrostral in a short line of contact in the mid -line of the 
head. 



Fig. 1. Archoeomasne tenuis* Part of head, eqsecially the snout, from Austr. Mus. No. F. 39292. 
x5/2. 

Fig. 2. Archmomcene tenuis, head. Composite drawing based on Austr. Miis. No. MF. 761. 
X 7/4. 

Fig. 3. ArchoRomfBne tenuis. Head, especially cranial roof, based on Austr. Mus. No. F. 39293. 
x6/2. 

The cranial roof may be determined in several specimens. The frontals, 
the line of junction of which is nearly straight, are about half as wide again 
posteriorly as in front, are very slightly excavated above the orbits, and are 
well rotmded at the outer comers of their hinder margins. On the mid-line 
of the head they narrow and project for a short distance between the nasals. 
The paiietals, which are quadrangiilar, are a little longer than wide, with gently 
sinuous margins. There are large triangular tabulars, their width much greater 
than their length. The supratemporals are large bones, the ]>osterior margins 
concave and the outer margins nearly straight. Their lines of contact with the 
parietals and the frontals are smuous, and they are concave in front where they 
meet the circumorbitals. 

The circumorbital series is well defined except below the orbit. In MF. 761 
(Text-%. 2), for example, there is at the top of t^baek of the orbit a laig;e bone, 
concave on the orbital side, rather narrow where it meets the frontal and deeper 
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at its oontaot with the supratemporal. Extendi]^ forwards from Idiis along the 
top of the orbit there is a long narrow bone, which is followed by a similar but 
narrower bone extending over much of the top front of the orbit to the nasals. 
Behind the orbit are two droumorbitals of nearly equal sise, and bordering the 
back half of the lower edge of the orbit there is a bone almost equal in area to the 
exposed surface of the preoperculum. Extending from the supratemporal 
behind the circumorbitals to nearly the depth of the orbit is a large suborbital, 
which is about half as long as it is deep. 

The operculum is roughly quadrangular, slightly longer in its lower than 
its upper sections and little deeper than long. The suboperculum, which is 
much smaller than the operculum, has a short anterior margin and well rounded 
hinder margin, and the exposed area at the top comer between operculum and 
preoperculum is very acutely triangular. There is a small triangular inter- 
operculum. The preoperculum is of considerable area, irregularly concave at 
the top where it receives a suborbital, having its hinder margin greatly bent 
near the bottom of the bone. 

About eight short strap-like branchiostegals lie below the preoperculum 
and some longer rays lie beneath the opercular series. 

The mandible, which is of moderate length, deepens little in the coronoid 
region, and from that point tapers only slightly to the front. The maxilla, 
with one small lenticular supra-maxilla fitted into its upper surface, is much 
loiter than deep and tapers greatly forwards. 

Much of the system of sensory canals is well preserved as oasts or impressions 
of the canals or casts of the tubuU. The course of the lateral line entering the 
supracleithrum is marked by tubuli and a channel ; a small segment of the 
canal turns back into the post-temporal, but tubuli alone show its position in 
the tabular and supratemporal. Specimen F. 36293 (PI. II, fig. 2 ; Text-fig. 3) 
preserves the post-orbital branch in two circumorbitals behind the eye and a 
specimen in the author’s collection displays a calcite cast with small branches 
running aroimd the orbital margin of the largest circumorbital. Prom the 
parietals a “ pit-line ” extends into the supratemporals, and near the lower 
anterior comer of the parietals there is a short cast which seems to lead into the 
well defined chazmel which traverses frontal and nasal. Specimen F. 39292 
(PI. II, fig. 1 ; text-fig. 1) preserves the cast of the canal which crosses the snout 
in the post-rostral. In the preoperculum the course of the canal is marked by 
casts of the tubuli, and there is in addition near its upper anterior comer the 
oast of a short pit-line. 


Genus Madarlscus, geu. nov. 

Diagnosis. Small Archseomenidse having moderately deepened bodies. 
Finrays stout, well spaced. Circumorbital bones of irregular size and shape, 
fairly wide ; one extending well over cheek. Preoperculum rather long mesially. 
Branchiostegal rays few. 

Genotype. Areheeomcene robustus Woodward, 1896. 

Madaritcua robuatua (Woodward). 

(PI. Ill, fig. 2 ; text-fig. 5.) 

Diagnosis. As for genus. 

Holotype. An imperfect fish in the Australian Museum, 170. MF. 250 
(Woodward, PI. V, fig. 2). 

Material. The holotype and specimens numbered as follows : MF. 260, 
MF. 262, MF. 266, MF. 266, all in the Australian Museum. 

Head. This is a little longer than deep. The orbit, which is large, is 
placed centrally and well forward. The suspensorium lies obliquely to a degree 
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that places the hinder end of the mandible well in advance of a line through the 
back of the orbit. The gape is small. In the greatly crushed snout (MF. 256, 
PI. ni, flg. 2 ; text-flg. 6) a fragment only of a post-rostral is preserved, but 
large nasals of irregular shape can be almost completely delimited. 

The frontals are large, but greatly broken on their inner margins in the 
only specimen (MP. 266), which displays them well. Along the mid-line they 
project downwards for some distance between the nasals, which thereafter meet 
one another. Although the Centals are wide behind the orbits, they are not 
greatly narrowed above them. Their hinder margins are sinuous, being concave 
where in contact with the parietals and having a pronounced sweep forwards as 
they leave contact with the parietals. The parietals are small, quadrangular, 
slightly wider behind than before, and slightly longer at their inner than at their 
outer margins, while all margins are gently sinuous. Quadrangular tabulars, 
much wider than long, meet in short lines of contact which are much shorter 
than their outer margins. The supra-temporals, of moderate size, are irregular, 
having the anterior and posterior margins concave where they meet the frontals 
and tabulars respectively, and their inner and outer margins slightly sinuous 
where they are in contact with the parietals and suborbitals. 

The orbit is bounded by nine or ten bones of irregular size and shape. 
A bone which is probably a lachrymal, with its hinder end on the lower front 
margin of the orbit, tapers forwards for a length that is about three times its 
greatest depth. Two bones of irregular outlhie together with the lachrymal 
complete the front margin of the orbit. Nearly the whole upper border is 
formed by one large quadrangular bone, the convex inner margin of which 
occupies nearly the whole of the frontal’s supraorbital concavity. Three small 
bones, nearly as deep as wide, bound the hinder margin, and one conspicuously 
large quadrangular bone lies between the preoperculum, where its margin is 
convex, the orbit, the lower suborbital, and the back of the maxilla. 

One large suborbital bone of irregular shape lies between the operculum 
and the circumorbital ring. The oi)ercular plates are well preserved. The 
operculum, which is about one and a half times as deep as long, is about three 
times as deep as the suboperculum. Its hinder margin is concave and as this 
is traced upwards it sweeps forward, reducing the width of the upper margin 
of the operculum to about one-third of the width of its lower margin. 

The front upper comer of the quadrangular suboperculum displays an 
acute angle between the operculum and preoperculum,. There is a small 
triangular interoperculum. The preoperculum, which is comparatively large, 
is widest about its middle, where it is bent to such an extent that hinder and 
lower margins meet in a right angle with its apex rounded off. 

There were more than a dozen branchiostegal rays on either side, and a 
very large median gular. 

The maxilla, wUch is of moderate length, is deepest near its hinder end and 
less than three times as long as deep. The lower margin is gently convex ; 
the upper margin is excavated to less than half its depth by a concave niche, 
which is occupied by a pair of supra-maxillse of greatly unequal size. The 
mandible, which is of moderate length, is only slightly deepened at the coronoid 
area and tapers gently forwards. Triangular post-temporals join the head to 
large supra-deithra wMoh are much deeper than long, and are longest at their 
upper ends. 

The sensory canals are not well preserved except in the nasals and pre- 
operculum. A “pit line ’’ crosses the supratemporal obliquely. 

The name Mada/risom, derived from madaros, bald, refers to the lack of 
ornament on ttie head bones ; but it is likely that what is preserved is the inner 
surface of the bones, for the deithra and supra-deithra are ornamented by short, 
coMTse, irregular rugs. 
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Family Aphnelepidse. 

Diagnosis. Small fishes having moderately deep fusiform bodies. Snout 
pointed, tail with slightly produced upper fieshy lobe, caudal fin forked. Sus- 
pensorium inclined sUghtly forwards. Gape wide, teeth small, stout, conical. 
Orbits of moderate size. Bones of cranial roof and upper part of operculum 
and suborbitals ornamented with numerous tubercles and short irregular rugse, 
arranged in part parallel to margius of bones. Scales highly ornamented in 
hinder halves by transverse rugse. Median fins of moderate size ; fins 

much smaller. 

Notochord persistent ; hypocentra and pleurocentra in caudal region ; 
ribs long. 

Premazillse small, triangular ; post-rostral of moderate size ; nasals large, 
irregular. Frontals large, narrow between, wide behind orbits ; parietals nearly 
square ; tabulars triangiilar, extending behind parietals and supratemporals ; 
supratemporals of moderate size, irregular. Three small circumorbitals bordering 
frontals ; one large circumorbital extending over cheek ; one large suborbital 
between operculum and orbital margin ; lachrymal of moderate size, leaf-like. 

Preoperculum large, moderately wide dorsally, bent forwards ventrally. 
Maxilla much longer than deep ; two small supra-maxillse. Mandible deep 
in coronoid region, tapering forwards, with slight droop anteriorly ; articular, 
surangular, and dentary elements at least. Operculum quadrangular, much 
deeper than long ; suboperculum much smaller than operculum ; interoperculum 
smt^, triangular, placed almost in front of suboperculum. Branchiostegal 
rays not numerous ; median gular large, triangular. Supraorbital sensory 
canals end back in parietals. Cleithrum arcuate, extending forwards ventrally 
between branchiostegal rays. 

Fin rays with long proximal and short distal joints, branched distally ; 
fulcra on all fins. Dorsal fin longer than anal, with origin above that of pelvics. 

Scales rhombic and ganoine-covered ; thick on anterior half of trunk, much 
thinner on caudal region ; fiank scales much deeper than long ; highly ornamented 
by acute transverse “ crimpings ” in hinder halves. 

Lateral line canal conspicuous, tunnelling the scales. Sensory canals 
tunnelling the bones through which they pass and communicating with surface 
by well-spaced tubuli. 

Aphnelepis australis Woodward, 1895. 

(PI. Ill, fig. 3 ; text-fig. 6.) 

Diagnosis, As for genus. 

Holotype. An imperfect fish, lacking the cranial roof and the snout, in 
the Australian Museum, No. MF. 267 (Woodward, PI. Ill, fig. 1). 

Material. The holotype and eleven other specimens in the Australian 
Museum numbered as follows : MF. 267-275, F. 27070, F. 39294 ; there are, 
in addition, about sb^ useful specimens in my own collection. 

Read, The head is a tittle longer than deep ; the snout is blunt but not 
wide. The orbit, in diameter about one-quarter of the length of the head, is 
forwardly placed and situated well above the mouth. The external bones, 
esiiecially those of the cranial roof and opercular series, are thick and are 
ornamented by coarse, short, irregular rugae. The gape is small and is wholly 
in front of a line drawn through the anterior margin of the orbit. 

In the greatly crushed snout, premaxUlse, a post-rostral, and nasals are 
determinable in specimens F. 271 and F. 272 (PI. Ill, fig. 3, text-fig. 6). The 
premaxillffi are small, triangular, deepened only slightly at their junction. A 
large part of a post-rostral, bearing a oast of the sensory canal but having its 
inner margin destroyed, is preserved in MF. 272. Its outer margin, concave 
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at its junotiou with the lachrymal, becomes convex as it emerges dorsally 
into a gently convex line of junction with the nasal. 

More than half the cranial roof consists of a pair of frontals the gently 
sinuous inner margins of which probably overlapped slightly. Their outer 
margins are concave above the orbits, behind which they are roughly parallel 
to their inner margins ; for the greater part of their width the slightly concave 
hinder mar^s are in contact with the parietals, which are roughly quadrangular, 
nearly as wide as long, widest where they meet. All margins are nearly straight, 
except the outer, where they meet the supratemporals in sinuous lines. 



Fig. 5. Madariscua robustua. Head of Austr. Mus. No. MF. 256. Nat. size. 

Fig. 6. Aphnelepia auatraliSf head. Composite drawing based on Austr. Mus. Nos. MF. 271 
and 272 (counterparts). Snout and inner margin of frontal partly restored, x 3/2. 

Fig. 7. AStheolepia mirahilia, head. Composite drawing based on Austr. Mus. Nos. MF. 263 
and 261 (counterparts). x3/2. 

Fig. 8. LeptoUpia talhragarenaia, head. Composite drawing, x 2. 

The tabulars are much wider than loi^, and are very short in the mid- 
line of the head. Post-temporals are triangular and scale-like. On each side 
of the head a supratemporal occupies the irregular space between the tabular, 
parietal, frontal, circumorbital, suborbital, and operculum. 

The circumorbitals are irregular in size and shape. In front, just above 
the maxilla, there is a large leaf-shaped lachrymal, much longer than deep, the 
posterior margin of which forms a very small part of the orbital border. Above 
this in succession follow two bones of nearly equal size, much deeper than long. 
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together completing the anterior border of the orbit. Behind the orbit at the 
top comer lies a bone of moderate size, with a concave margin in front and a 
pronounced elbow behind. Probably a deep and very narrow bone extended 
Wow this to about three-quarters of the depth of the orbit, where it would meet 
the most conspicuous bone of the series, which in general shape suggests a valve 
of a shell lying diagonally over the cheek, an impression heightened by faint 
concentric and radial ridgi^s that are more pronounced towards the outer edge 
of the bone. The infraorbital sensory canal as it sweeps round below the orbit, 
and a few short radiating branches, channelled this bone deeply and are preserved 
as casts. 

Above the latter circumorbital and occupying all the space between the 
operculum and the circumorbital row there is a large subovate suborbital, nearly 
twice as deep as long, having its upper end convex and its lower end pointed, 
wedged as it is between the large circumorbital and the upper end of the pre- 
operculum. 

The preoperculum, which is of moderate size, is boomerang-shaped. The 
operculum, large and quadrangular, is nearly twice as deep as loi^ and has its 
upper margin sharply produced, its lower margin rising fairly quickly towards 
the rear. The suboperculum, which is less than half as deep as the operculum, 
has curved anterior and posterior margins which meet in a blunt acute angle. 
Its upper anterior angle is produced to a sharply pointed process, which lies 
between the preoperculum and the operculum. There is a triangular 
interoperculum less in area than half the suboperculum. 

The length of the maxilla, which is a large bone, is about three times its 
maximmn depth, which is that of its posterior margin. The upper margin is 
sinuous, comprising two concave segments, the hinder one shallow and extending 
about two-thirds of the total len^h of the maxilla, the anterior descending 
rapidly to reduce the depth of the bone in front to about one-fifth of its maximum 
depth. Two supra-maxillas, the hinder about twice as large as the anterior, 
which it meets in a sinuous line of junction directed obliquely forward, together 
cover a lenticular area much longer than deep. 

The mandible is very high in the coronoid region and has a very slight 
droop in front. The articulatory facet is clearly preserved, and angidar and 
dentary elements may be clearly distinguished in specimens MF. 271 and 
MF. 272, and part of a surangular in MF. 271. 

A large triangular median gular is succeeded posteriorly by six or seven 
short strap-like branchiostegal rays, and these by an equal number of longer 
rays, which gradually increase in size as they approach the opercular series. 

Small, conical, sharply iK>inted teeth are borne by maxiUes, premaxiUse 
and dentaries. 

The sensory canals, preserved either as open channels or as casts or rows 
of tubuli, are conspicuous. Pit lines appear in supratemporals, parietals, and 
the largest circumorbital. 


Family iEtheolepidse. 

Diagnoiia. Laterally compressed fishes with very deep bodies and moderate 
orbits placed well forward. Suspensorium forwardly inclined ; gape small ; 
external bones of skull and scales highly ornamented by tubercles. Tail almost 
homocercal, caudal fin not deeply forked ; median fins large, paired fins small ; 
fin rays divided into small segments, of which proximal is longest, distaJly 
branched ; folcra conspicuous. 

Notochord persistent ; neural and hesmal spines and also the long fin ray 
supports only superficially calcified. 

Nasals large, irregulair. Frontals long, wide behind orbits ; parietids 
large, quadrangular; tabulars wide, short, extending behind parietals smd 
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supratemporals ; supratemporals of moderate size, irregular, post-temporals 
wide, short, irregular. Circumorbital series of at least seven bones, including 
one large bone which extends weU over cheek. One large suborbital between 
operculum and circumorbital ring. Operculum more than twice as laige as 
suboperculum ; interoperculum triangular, partly below suboperculum, which 
is not greatly larger than it. Branchiostegal rays few. Preoperculum large, 
arcuate, extending forwards ventrally. Maxilla of moderate size, not deep ; 
supramaxilla small ; mandible deep anteriorly, tapering towards the back. 

Cleithrum arcuate, with lower end extending forward between the branchio- 
stegal rays. 

Dorsal fin long, arising at midpoint of dorsal margin ; anal fin much smaller 
than dorsal. 

Abdominal scales thick, rhombic, greatly deepened on flank ; caudal scales 
very thin, approximately cycloidal, some with pegs. 

Genus ^theoiepU Woodward, 1895. 

Diagnosis. As for family. 

Genotype. Miheolepis mirabilis Woodward. 

yEtheolepIs mirabilis (Woodward). 

(PI. Ill, fig. 1 ; text-fig. 7.) 

Diagnosis. As for genus. 

Holotype. A nearly complete fish, with poorly preserved head. No. MF. 260, 
in the Australian Museum. 

Material. The holotype and seven other specimens in the Australian 
Museum, numbered MP. 260-266, F. 4110, together with three specimens in 
my own collection. 

Head. The head is deeper than long, and its mid-line descends steeply to 
the small mouth. The suspensorium is forwardly inclined to such a degree 
that the hinder margins of the jaws meet at a point well in front of a line through 
the centre of the orbit. The latter, which is large, is placed centrally, and 
entirely in the front half of the head. The snout is probably sharply rounded. 
Crushed fragments only of the oral margin of the snout are preserved, but large 
nasals are determinable and these are deeper than wide, being widest at about 
their middle and narrower at top than bottom. 

The frontals are large, widest just behind and somewhat contracted between 
the orbits. Their inner margins are not clearly revealed. Their lateral margins 
are concave with slight subordinate irregular concavities where bordered by 
three circumorbitals. Just behind these the frontals extend outwards, forming 
a small irregular projection separating these bones from the supratemporals 
Their hinder margins, which are nearly straight where they meet the parietals, 
are sinuous along their lines of contact with the supratemporals. 

The parietals, which are larger on their inner than on their outer margins, 
and are about as broad as long, meet on one side or other of the mid-line of the 
head. 

The ta.b n1fl.T s are much wider than long, with very short common suture 
and they extend completely behind the parietals and supratemporals. Their 
hinder and ftront margins are both gently concave. 

The supratemporals, which are smaller than the parietals, decrease greatly 
in depth just below the frontals and project for a short distance over that 
drcumorbital which lies at the postero-dorsal margin of the orbit. 

Seven bones of the circumorbital ring can be determined : in ^nt of the 
orbit a deep, very short bone rests on an undetermined bone which was probably 
a lachrymal ; above this lies a long tapering bone ; next, a small ovate bone ; 
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then along the top maigin> a ciroumorbital about twice as long as it is deep ; 
at the upper comer of the back of the orbit there is a triradiate bony plate, 
which meets a frontal and supratemporal on its inner side, and a large suborbital 
behind it ; behind the orbit lies a deep, narrow bone ; fljudly below the orbit 
there is determinable only a very large bone, which borders the orbit for about 
three-quarters of the leiii^h of the latter, and extends back over the cheek 
to the preoperculum and suborbital ; this is deeply channelled by the intra- 
orbital sensory canal and some of its branches. 

There is one large suborbital, about twice as deep as long, which covers the 
area of the cheek between the circumorbital ring and the opercular series and the 
supratemporal. 

The operculum, narrower above than below, is a little less than twice as 
deep as long. Its hinder margin is convex, anterior margin nearly straight, 
lower margin straight for the most part but sharply sinuous posteriorly. The 
suboperculum, which is about as deep as long, is very roughly quadrangular, 
being deeper behind than before, longer where it meets the operculum than 
below. The interoperculum is smaller than the suboperculum and is roughly 
triangular, projecting below the preoperculum. This latter bone is unusual in 
shape and extent for fishes of this order. It displays a postero-dorsal acute 
angle, but soon attains its maximum and nearly uniform length, bending almost 
at right angles just below its middle and thereafter extending forwards tapering 
rapidly. 

In specimen No. MF. 263 (PI. Ill, fig. 1 ; text-fig. 7) the mandible has been 
forced deeply into the matrix, carrying with it, to some extent, the adjoining 
end of the preoperculum. Unfortunately, in recovering the fossil the fracture 
in the rock occurred in such a manner as to destroy the anterior end of the lower 
jaw, the mouth, the maxilla and oral margin of the snout. In the drawing 
(text-fig. 7), the lowest line is the outer edge of the hollow in the matrix ; there 
is an irregular hollow in the cast of the mandible, which is partly overhimg by 
a small projecting fold. Posteriorly the bone is of little depth and bears a 
concavity at its jimction with the preoperculum ; anteriorly the jaw is greatly 
deepened. No teeth have been preserved and the species may have been 
toothless. 

Sensory canals are displayed well only in the nasals, the largest circum- 
orbital, and the preoperculum. Casts of two or three of the tubuli of the supra- 
orbital canal occur in the frontals, and there is an angulated “pit line ’’ in the 
parietals. The external bones are closely ornamented by very small tubercles. 

Pebuminaet Note on Uaebetichthts latus, a New Jueassic 

Macbosemiid. 

The following brief account of this new genus and species is intended merely 
to record its occurrence ; full description must await the return from London 
of specimens now in the care of Professor D. M. S. Watson. 

Diagnosis. Small macrosemiids resemblii^ Histionotus but having head 
more depressed. Dorsal fin arising near back of head and extending to tail, 
other fins small. Pelvics placed halfway between anal and pectorals. Fin rays 
with long proximal joints but distally divided into small segments and branching 
several times. Pectorals with scaleless lobe and at least five elongated basals 
expanded distaUy ; fleshy upper lobe of tail slightly produced. Scales rhombic, 
ganoine-covered ; principal flank scales only slightly deeper than long ; scales 
elaborately ornamented with short, irregular, transverse rugae. 

Genotype. VarhryioMhys loins (the only species). 

Material. (1) Type specimen, in writer's collection, a nearly complete flsh, 
with trunk and part of head in counterpart (the head at present in care of 
Professor D. M. S. Watson). 
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(2) A lees complete specimen in the Mining Museum, Sydney (now in 
London). 

(3) Several fragments showing scale and fin structure (in writer’s collection). 

HoMype. The length of the trunk from the back of the head to the base of 

the tail is 135 mm. ; the maximum depth, which occurs just behind the lobe of 
the pectoral fins, is about 62 mm. ; the depth of the base of the tail is 18 mm. 

In the long dorsal fin there are more than forty rays, which have a markedly 
long proximal segment, thereafter are divided into very small segments and 
branch several times. At the origin of the fin about eight short rays, gradually 
increasing in length, precede a few long stout rays, which are placed fairly closely 
together and are followed by stout well-spaced rays of decreasing length. All 
the fins are incomplete, but it is quite clear that the pectorals, which comprise 
more than fourteen rays, are comparatively large, but that the pelvics, which 
probably included ten rays, the anal, of which only four rays are preserved, 
and the caudal were quite small. 


Leptolepis. 

(Text-fig. 8.) 

These fishes have been preserved in shoals ; specimens are literally innumer- 
able. The heads are all flattened and only external structures can be determined, 
as shown in text-fig. 8, which is included in this paper merely for record purposes. 

Previously three species have been assigned to the genus from this locality, 
but in view of the uniformity of the structure of the head the writer is convinced 
that only one species, Leptolepis talbragarensis, need be recognised, the specific 
differences previously relied on being due to individual peculiarities or mode of 
preservation or differences in maturity. 


List of the Paee's Hill Pish Fauna. 
Crossopterygii. 

Coelacanthidae .. .. Genus non det. 


PalseoniscidsB 


Macrosemiidse 


.^theolepidse 

Aphnelepidse 

Archseomsenidse 


Palaeopterygii. 

.. Coccolepis australis Woodward. 

Neopterygii. 

Order Holostei. 

Uarbryichthys lotus gen. et sp. nov. 

Sub-Order Cenogenoidei. 

Mtheolepis mirabilis Woodward. 
Aphnelepis australis Woodward. 

. . Arehceomoene tenuis Woodward. 
Madariscus robustus gen. nov. 


Order Teleostei. 

Leptolepidse . . • . Leptolepis talbragarensis Woodward. 


SUMMAET. 

This paper deals chiefiy with the external structure of the heads of 
Archasomcene tenuis, Madariscus robustus, Aphnelepis australis and Mtheolepis 
mirabilis. 
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These fishes are presented here as oon^rising a small group, the Cenogenoidei, 
having a characteristic cheek, squamation, and endoskeleton — a group which 
developed in isolated fresh waters, probably firom one or more species of the 
family PhoUdophoridsB, evolving convei^ntly with LepMepis. 

A drawing of the head of, and a short note on, LepMepis is included for 
the purpose of recording the opinion of the author that there is but one species 
here, namely L. tdlhragarerms. 

There is a preliminary note on a new Jurassic Macrosemiid, Uarbryichthys 
laUis, the generic name being derived from the locality, Uarbry Boad. 

ACKN OWLED631ENTS. 

Photographs of the casts in dental wax reproduced in Plate III, figs. 1, 2, 3 
were supplied by Professor D. M. S. Watson, to whose help and encouragement 
the author owes much. Figs. 1 and 2, Plate II, and fig. 4, Plate III, are from 
photographs by the Beverend Frank Cash. The restoration of Archceomcene 
tennis (text-fig. 4) is by Mr. G. P. Whitley, Australian Museum. 

Befebences. 

Dulhunty, J . A. : Notes on the Stratigraphy and Physiography of the Talbragar “ Fish-Bed ” 
Area, This Joubnal, 1937, 71, 350-366. 

Gk>odrich, E. S. : Vertebrata Craniata, p. 37 (in Ray Lankester, “ A Treatise on Zoology ”, 
Part IX. 1909). 

<s) Westoll, T. S. : On the Cheek Bones in Teleostome Fishes, Joum, of Anatomy, Cambridge, 
1937, 71, 362-382. 

Woodward, A. S. : The Fossil Fishes of the Talbragar Beds (Jurassic), Memoir Qeol. Surv, 
N, Wales^ Palspont., No. 9, 1895. 


Explanation of Plates. 

Plate II. 

Fig. 1. Archceomcene tenuis, Austr. Mus. No. F. 39292. x 8/13, approx. 

Fig. 2. ArchoemnceYie tenuis, Austr. Mus. No. F. 39293. Showing head, position of fins, and 
squamation. x 10/3. 


Plate III. 

Fig. 1. Mtheohpis mirabilis, Austr. Mus. No. MF. 263. Cast of head (reversed). Compare 
text-fig. 7. x4/3, approx. 

Fig. 2. Madariscus robustus, Austr. Mus. No, MF. 256. Cast of head (reversed). Compare 
text-fig. 5. Nat. size, approx. 

Fig. 3. Aphnelepis australis, Austr. Mus. No. MF. 271. Cast of head (reversed). Compare 
text-fig. 6. x4/3, approx. 

Fig. 4. Aphnelepis australis, Austr. Mus. No. F. 39294. Head, especially cranial roof and 
snout. X 3, approx. 
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EEMAEKS OE GOODNESS OF FIT OF HYPOTHESES AND ON 

PEAESON’S yj TEST. 

By D. T. SAWKINS, M.A., 

Reader in Statistics at Sydney University, 


{ManvHcript received^ June 4, 1941. Ueadt Julu ‘J, 1941 ) 

I. Simple Tests of Sets of Standard Normal Variates. 

In a recent paper, '^1 cited herein as E.P., it was noted that, if the* hypothesis 
leads to consid(‘rat ion of values of n statistically ind(‘pendent. standard or 
“ reduced ” normal variates x^, x^, ■ ■ ■ Xa (each with mean 0 and standard 
deviation 1), it is not sufficient to CDnsider their x* in ord{*r to decide whether 
the observed values form a rare set ; that we must first examine th(i si}?ns of 
the observed values, and if the distribution of signs is not so unequal, or so 
systematic, as to disturb our eonlidence in tlu< fitness of the hypothesis, we may 
consider their Xn*i but must then also consider the value of the Beta variate 

— Xi^/Xn*» Xi* being the square of any chosen one of the observed 

values, or the value of the corresponding tn-i variat(' x^j ^ j ^ (Xn^”Xi^) 

and also the values of the remaining B(d,a variates, or of the* corr(>s])onding 
t variates, there being in all (n--l) Bela or t variates for examination as well 
as the xn* variate.**’ 

This amounts to saying that if the set. is to be regarded as not rare, then 
not only must the sum of the squares of tlu^ observed values not have a ran* 
value, but also the ratio of the square of om* to the sum of the squares of all 
must not have a rare value (allowing for permutations), and so on. 

It was also noted that in this case of standard normal variates thi* obs(*rved 
value's may be* more* dire*ctly testeel, and an example was give*,n tee she)w that 
the fre*qiu*ncy with which sets of 13 standard normal variat.e*s eeemtain one or 
more membe*rs e'xe*.eeding 2-8 is about 0-05.<®’ As it will pre!se*ntly be* sheewn 
that Pearson’s test of goodness of fit is me^rely the*. abe)ve*me*ntioneel -y^ test 
of a eletejrminable* se*t of statistically inele'penelent standard normal variates, 
anei is therc'fem* im]»e*rfe*ct , se)me* further examples are neew give*n tee illustrate* 
this direct methoel. 

(1) The se*t of te*n standarel normal variates 2-3, 2-2, 0*2, 0*1, —0*3, 
—0*4, --0-5, —0-6, —1-0, —1*1 has a satisfactory distribution of signs and 
shows Xio*=l'I*34. 

As the frequentey with which this value is exceeeied is abeeut 0 • 2, t his set of 
ten, when judged in the usual way by the x'^ test, is not of an uncommon kind. 
There are, however, two me*.mber8 ce*rtainly greater than 2*15, supposing that 
the values are forceel tee one place of decimals anel that cle)ser values are not 

D. T. Sawkins, Elementary Presentation of the Frequency Distributions of Certain 
Statistical Populations Associated with the Normal Population, Jour. Roy. Soc. N. S. Wales^ 
1940, 74, 209-239. [E.P.] 

E. P., pp. 220-224. 

<8> E.P., p. 220. 

G— July 2, 1941. 
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available. By the normal table the frequency with which a single s.n.v. exceeds 
2*16 in absolute value is 0 0318. Hence the f. of sets of 10 which contain two 
or more members numerically greater than 2 *16 is the sum of all terms but the 
first two of the expansion of (0 -9682 +0- 0318)^®, which works out to about 

0- 04. So in spite of the x® test, this set is of a rare sort. 

(2) The set 2-0, 1*8, 0-3, 0-2, 0-1, -0-4, -0-6, -10, -1-1, -1-8 also 
passes the sign test (provided that the order has no significance, as it might 
easily have in a cell test), and also passes the x® test as Xio®=13-36. But three 
members exceed 1-76 numerically. The f. with which a single s.n.v. exceeds 

1- 75 in absolute value is 0-0805. Hence the proportion of sets of 10 which 
contain three or more such members is the sum of all but the first three terms of 
the binomial (0-9196 4-0- 0806)^®, which works out to about 0-04. So this set 
also is of a rare kind. 

II. The X® Distbibution poe Cell Peequencies. 

The proofs of this distribution given by K. Pearson in 1900**> and E. A. 
Pisher in 1922<®> begin with the assumption that for each cell the mean or 
“ expected ” number is so large that the number in each cell is normally 
distributed. In a text book published in 1939, A. C. Aitken states that “ the 
derivation of the x® distribution involves the general multivariate normal cor- 
relation function ”, and sketches the outlines of a proof which proceeds at once 
to the limit towards which the compound frequency density tends as the number 
of trials N increases, provided that the mean number for no cell fails to increase 

(“ provided no p is of order ^ ”), and so, in effect, makes the same assump- 
tion as Pearson and Pisher.<®> The proof given by J. V. Uspensky in a text 
book published in 1937 emphasises that the x® cell theorem is a limit theorem, 
i.e. that this x® distribution is the limit towards which an actual distribution 
tends, provided that the mean number for every cell increases,*’* and observes 
that “ the lack of information as to the error incurred ” by using the limiting form 
when the mean numbers for one or more cells are not large “ renders the appli- 
cation of this X® te'St devised by Pearson somewhat dubious."^^^ 

It is not the purpose of this short paper to discuss such errors at length, but 
to show that this x® test is an imperfect and sometimes misleading test even when 
the mean numbers for all the cells are so large that these errors are quite 
negligible. However, as the classical approach to the problem suggests one 
way of assessing the errors of approximation and leads directly to a derivation 
of the limiting form, an outline of this solution is presented.*** 

If Pr is the frequency with which an individual enters the rth of n cells, 
then for a set of N individuals whose distributions are statistically independent, 
the frequency with which there are a.i, * 2 , •• - an individuals in the n cells 
respectively is 

a, a* an JV* 

F=Pt Pi ■ -Pa — j - , where fif(p)=l, «(a)=A. 

OLii a2 i • • • an i 

K. Pearson, ‘‘ On the Criterion. . . Phil. Mag.^ 1. Series 5, 1900, 50, 157-176. 

R. A. Fisher, “ On the Interpretation of Jour. Roy. Stat. Soc., 1922, S5, 87-94. 

A. C. Aitken, “ Statistical Mathematics ”, Oliver and Boyd, Edinburgh and London, 
1939, p. 101. 

J. V. Uspensky, Introduction to Mathematical Probability ”, McGraw-Hill Book Co., 
New York and London, 1937, p. 325, line 13. 

<®>7dem, p. 327. 

See Borel and Lagrange, Trait5 du Calcul des Probabilit4s et ses Applications, Paris, 
1925, Tome I, Fasc. I, pp. 33-36, and Bowley, Elements of Statistics, 6th ed., London, 1937, 
p. 454. 
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Using Stirling’s formula, loge log k-k+log where 

ek=j^ approximately, we have 

loge F=xi log Pi+aa log P2+ .... 

+(JV+^) log JV-iV+log V' 27 r+j^ 2 jv' 

“(“i+J) log y-i+ai-log V27C— j^2a 

— (a2+4) log aa+ag— log 


Hence, noting that jV=ai+a 2 + •• • •+an, 
log^ = - S )(ar+l) log f-l log{piP 2 .. ..pn)— log {2ti:N)+S, 

r--l( ^Pt) 2 


where S — 


12 (JV 


Writing mt for Npi, which is the mean number of individuals for the rth 
cell, and putting =1+—, so that Xt is the deviation from that mean 

® Npr Wr 

number, we have 


8{Ur + i) log + - 

1) 

Since 8 Xt=0, this may be arranged in the form 

r = l 


i. s /*£l 4 . ^ 
rti\TOr ' »lr 3mr‘^ 2« 


2m (»■ 


(»mr® ^ 


When Xr is of order y/mr the 1st term in tlu* bracket is of order 1, the 2nd 
and 3rd are of order Ify/mr, the 4th and 5th are of order 1/wr, and so on. If 
all the mi are large enough to permit terms of order 1/m to be neglected, we 
may omit the 4th, 5th and higher terms in the bracket, also the 8 in (1). 


The correction to — due to the 2nd and 3rd terms combined is then 
m 

00 i 00“^ \ 00^ 

— (1 — g— I* Considering positive x, this increases until x—y/m. Then ~=^i 


and the correction is which when m— 10 is about 0-2, and wh(>n m=50 

‘iy/m 

is about O-l. When x=y/Sm the correction vanishes (as does also the eom- 
bination of the 4th and 5th terms). When x—2y/m, ——4 and the correction is 


. Although S|-(l 
^y/m il”^\ 3m J 


is a mixture of positive and negative 


elements since /8(a!)=0, it can take appreciable values in ordinary practice, 
1 

as, for example, in the distribution of 1,000 stellar observations quoted below 
at p. 90. 

Hence from (1) and (2) the frequency is approximately 

= exp j'-i 8 (VVi 

V{PiP2 •• •• Pn)(27rA)"-i ( r=i\mr/ \m^ 

( 3 ) 


ao — July 2, 1941. 
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where the second summation includes only those cells for which the mean 
number, while large enou^ to permit rejection of 0(l/«n), is not large enough to 
allow rejection of 0(ljy/m). 

As the coefficient of this exponential is 
the frequency with which any particular set (ai, ag, • • • - an) occurs is extremely 
small. If, however, we calculate the total frequency of the (a'l— ai+1) 
(a'j— ag+l).. • .(a'n_i— an-i+1) sets in which the integral numbers in (n— 1) 
of the cells range from aj to a'l, a 2 to a'„ . . . .an-i to a'n_i inclusive in each case 
(the number in the remaining cell being then determined by the relation 

n 

8 (ar) which holds for every set), we may have a tangible total frequency 

r-i 

provided that each factor (a'r— ar+1) is of order The summation of 

frequencies may be performed by successive applications of the Euler-Maclaurin 
theorem in the form 


■/: 




J'(a!)+J'(®+1)+ .... +J’(a?+fe) 

•• •• 


the next term on the right (involving the 3rd derivates) having a very small 
coefficient, nearly.*^®’ 


For a first application we have ^ nearly. We may 

choose as the nth cell one whose m is large enough to allow rejection of 0(l/\/®Kn)> 

gy 

So when each Xi is 0(-\/mr), is of order P/y/mi. Even when is as 
small as 10, and the summation is from a =6 to a' =14, this correction, in view 
of the coefficient is of the order of of the smallest of the nine terms 
included in the summation. Hence the total frequency is approximately 


(27r)-i<“-i> ( 

Vi— mi+4 i 

C a'n-1 -“Wrn-i + \ 

Vimimt.. ..mn-i)VPn J 

cti-nix-i J 

^ 0Cn_i — W-n-i — J 

exp 



Putting Xxl-\/mi—tt, 

this becomes 



( 4 ) 


(2 7 i )-*«®-» r r 
V¥n J J* 


exp [— i 8 (tr*)— ii8{(<g— 
r«*l 


( 6 ) 


the field of integration being from (ar— »»r— i)/V*»r to (a'r— 

{r=l.. ..(n-1)}. 

Now if a<»n<a', and (a+a') forms the nearest integer to 2f», then 
I a— w— J I and (a'— m+J) do not differ by more than i, and ^en in the case 
of a cell with a small mean number such as 10, T (a'— a+l)/2<v/w may be used 
as th^limits of integration, for this displaces both limits in the same sense by 
l/4'v/»» at most. 


'*<** L. M. JiUlne-ThompBon, Calculus of Finite Differences, Macmillan and Co., London, 
1933, p. 190. 
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In the ease of any cell which contributes to the second summation in the 
exponent, the relevant part of the integral is 


£ exp F— 

» L ( Vm -S/Wn )\ 


dt 


= j ji 1 (t-m- ] 

J-to ' 2V»l 2V»»n ) 

approximately. BecaUing that the nth cell has been chosen so that 0(l/-\/wn) 


may be neglected, this integra 

e-i(«*+V) *+ 



^--=(1 — (*)o “ i*** 

6-\/jw 


and referring to equation (7) below, the second term 


becomes 


^0 


6\/fw 






or approximately 

3 ^/- uumerica,Uy. 

Hence the total frequency is approximately 


(27t) r f -i -5 ,, 

y/pn J •J" - - 


with limits of integration as shown above. 

n 

Since 8{x) =0 we have tiy/nii + • • • • +tn\/mn =0 
1 

Take (»— 1) new variables, viz. 

-1 


( 6 ) 

( 7 ) 


-v/»»i-fma+ .... +mn_i 


(«lV»»i+<*V'»»2+ .... +tn-iVinn-i) 


n-2 n~l 

and » 2 , .. . .Pn _2 forming an orthogonal set so that 8 (»*)= 8 

0 1 

From (7) and (8), Vq\/N —mn=tDV‘i^n, 

n n— 2 /I \ ^5 2 n— 2 

Hence 8{t^)= 8 (®*)+(— -llV=— + S (v^) 

1 0 \Pii / Pn 1 


•( 8 ) 


( 9 ) 


The jaoobian is ±1. Hence the integral (6) becomes 


* > 


r ^-WlPn diVotVp.) . .. r -k-e-i®” 

J V2 tc J -v/2tc J 

with appropriate limits corresponding to those of (6). Therefore Vo/VPn, 
Vi, •• . .Vn-z are statistically independent standard normal variates. 

We may examine these (»— 1) variates by various methods, including the 
two methods referred to at p. 85. 

First we may say that the sum of their squares, which by (9) is '8|~ 1> 
is a Xn-i*> i*6' that — | is a Gamma variate 


i(S‘ 


piate ^ 


whose c.f. from a 


B.P., pp. 216, 
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particular value « to oo is 



»-i 


-1 


u 


du. By putting ix* 


u, this integral takes the form in which it was originally written in 1900 by 
Karl Pearson. 

But, as pointed out at p. 85, there are also (w— 2) Beta variates (or 
corresponding t variates) to be examined before we can be satisfied with 
the “ goodness of fit ” of the hypothesis which may be indicated by the x® 
test alone. 

Secondly, we may proceed by the more direct method illustrated at 
pp. 86, 86, and in order to do so it is necessary to specify all members of the 
orthogonal set. 

-)/N —Mn 

we may choose Cr=— kr(Crfr\/*Wr+ •• • • +fn-i'v/*™n-i) 
where 0 =0rWr +»»r+i + . . . . +mn_i 

and kr = (Cr®t»r+»»r+i+ • • •• +»»n_i)“*-’^®^ 

n-1 

Now replacing tr by Xtl^/m-c and briefly writing 8{x) for 8 (a;*), we have 

8«r + l 


®r 


= i -L _ 

(mr 


^11 II 

_ ■y/mr 8{x) 
8{m) 


mt 8(m) 


!//■* 


mr 


{ Xf 

(V^r 

For the first of the standard normal variates we have from (7) and (8) 

Vq ^ <nVWp ^ ^ 

VPn 


where gn=l— i>n 


(10) 


( 11 ) 


VPn(N— mn) V^Pnqn 

Already Wn has been referred to one of the larger cells and we may now 


refer m^, m 
xjy/m. 


► 2, 


to those cells which show the more questionable values of 


From (10) it appears that when there are many cells, as in the following 

n— 1 

example, does not differ greatly from xj-y/mi as mil 8 (Ws) is usually small ; 

8 = 2 

likewise for further early members of the orthogonal set. 

The following table (p. 91) is based on results of 1,000 observations made at 
Greenwich of the Right Ascension of Polaris, tabulated in Whitaker and Robin- 
son’s Calculus of Observations, 1924, p. 174. The first three cells, also the last 
two, as there given are combined, so that for no cell is m less than 25. As the 
parameters of the normal curve fitted to the data, viz. mean 0'06, standard 
deviation 1*2, are evidently not derived from these particular observations, the 
number of statistically independent standard normal variates arising from the 
fitting is one less than the number of cells considered. The table shows the usual 

a?* \ 

\ 

of the orthogonal set. 

From the 6th column the value of Xio® usually computed is 14-1. As 
the frequency of larger values is about 0*17, the observed value is regarded 
by the usual reasoning as not lying at a “ high level of significance ”. (It will 
be seen in §III that this reasoning is not valid, and that the observed value 
really lies at an even lower level of significance than thus appears.) 


calculation of 8 


9 UAlOll 


also the values of 


-(l- 

m\ 


and of the earlier members 


B.P., p. 230. 
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(1) 

(2) 

(3) 

(4) 

(5) 

(«) 

(7) 

(8) 

(9) 

Chosen 




a ;* 

X \ 


x' 


Order of 
Cell . 

a 

m 

X 

m 

m \ 3 m / 

x' 

\/m 

V 


39 

34*0 

5-0 

0-74 

0-1 

5-5 

0-94 



43 

45*3 

- 2-3 

0-12 


-30 

- 0-45 



74 

81-8 

- 7-8 

0-75 

-01 

- 8-5 

- 0-94 



126 

121-5 

4-5 

0-17 


5-0 

0-46 



150 

153-8 

- 3-8 

009 


- 4-5 

- 0-36 


11 

168 

166-2 

1-8 

0*02 


2-5 

0-19 

0-22 


148 

147-6 

0-4 

0-00 


1-0 

0-08 


2 

129 

111-9 

17-1 

2*62 


17-5 

1-65 

1-58 


78 

72-4 

5-6 

0-43 

0-1 

6-0 

0-70 



33 

38-4 

- 5-4 

0-76 

- 0-1 

- 6-0 

- 0-97 


1 

12 

27-1 

- 15-1 

8*40 

1-0 

- 15-5 

- 2-98 

-301 


1000 

1000-0 

0-0 

14-1 

1-0 

0-0 




In column (7) the value of the mean deviation used in deriving expression 
(6), is foimd by increasing the observed deviation numerically by ^ and forcing 

this result to the nearest half unit, except in the case of the largest cell, chosen 

11 

as No. 11, which is adjusted so that /?(«')— 0. In column (9) three of the ten 

1 

independent standard normal variates are shown, these being more than enough 
to show that the inference from the value of Xio* is quite misleading. 


The value of w 


2-5 


f 

equation (10), 


n, derived from cell 11, is - _ - i - i _ 

V(l<’6 -2x0 -8328) 

5 V27-1’(-2-6+15 

1000 -166 -2 




(i- 

27-1 \ 


'^806-7/ 


=0-22. From 


-3-01, and 


(\/27 1 1000—166-2—27 

SO does not greatly differ from as anticipated. 

Now the frequency with which a set of ten statistically independent s.n.v. 
contains one or more members as large numerically as 3-01 is 1— {0-9974)i® = 
1— (1-0 -0026)1® =0-026 approx. So in spite of the x® test the normal curve 
with the above parameters fits this set of observations badly. 


The argument of the last paragraph will be made quite conclusive if we 
consider for the suspected cell, viz. cell 1 in the chosen order, the range 13 to 41 
and so exclude the observed munber 12. The corresponding value of is then 
—2 -89 instead of —3 -01. To include the observed number 12 we must increase 
the range of beyond ^2-89 ; the frequency with which one or more among 
a set of ten s.n.v. take values beyond this range is 0-04. Hence the fit is bad. 


A case when there are several cell numbers whose combined presence makes 
the fit suspect is as shown in the table on p. 92. 

Here in cells 1, 2, 3 (chosen order) the observed number is brought nearer 
by one to the mean number for the cell ; x' and v are computed as above and 

00 ^ 1 0 (/^\ 

— as usually. As /8I — I =13-2, a value of xw® which is exceeded with the 

frequency 0-2, the fit is held by the usual reasoning to be tolerably good. 

On the other hand, there are three among ten independent s.n.v. numerically 
exceeding 1-76, an event with the frequency 0-04. So the fit is bad. 
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Chosen 

Order. 

Observed 

Number. 

Considered 

Number. 

m 


X' 

^tn 

V 

m 


39 

39 

34-0 

5*5 

0*94 


0*74 


43 

43 

45*3 

-3*0 

-0*45 


0*12 

3 

66 

66 

81*8 

-16*6 

-1*82 

-1*78 

3*45 


126 

126 

121*6 


0*45 


0*17 


150 

150 

153*8 

-4*6 

-0*36 


0*09 

11 

168 

167 

166*2 

1*6 

0*12 




149 

149 

147*6 

2*0 

0*16 


0*01 

2 

132 

! 131 

111*9 

19*5 

1*84 

1*87 

3*62 


78 

78 

72*4 

6*0 

0*71 


0*43 


33 

33 

38*4 

-6*0 

-0*97 


0*76 

1 

17 

18 

27*1 

-9*5 

-1*82 

-1*84 

3*76 

Total 

1000 

1000 

1000*0 

0*0 



13*2 


In a large number of cases the goodness of fit can apparently be weD judged 


by inspection of the column x'l^/m without computing t), or 8 


(S)- 


III. Confidence Banges. 

Exception was taken in §II to the practice of considering a single tail of a 
skew distribution such as that of xio^ estimating the “ significance ” of an 
observed value. It is proposed now to show that this practice is fallacious. 

A confidence range is defined as a range of values of the variate such that 
every possible value of the variate within this range has a greater frequency 
than every possible value without this range. 

If the frequency curve is drawn for a continuous distribution fading on 
both sides of its mode, any parallel to the variate axis cutting the curve gives 
two values of the variate x^ at which the frequency densities are equal, and 
the range of values from Xi to x^ is a confidence range, whether the curve is 
symmetrical or not. 




In a positive J-shaped distribution the range of values up to any value x 
is a confidence range. 

Let us first consider the estimation of significance in the case of a discrete 
variate. Suppose that a variate used to form a judgment of the validity of an 
hypothesis which may be true or false, takes only integral values (<r) with 
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frequencies (/) as shown in the adjacent table. Successive 
confidence ranges are 8 (single value), 8 and 9, 8 to 10, 8 to 11, 

7 to 12, 7 to 13, etc. Suppose a single experiment or trial 
leads to the value 8. Only one value can occur. Whatever 
the frequency of the value 8, the governing considera- 
tion is that it has a greater frequency than any other value. 

Hence our confidence in the hypothesis is not at all disturbed. 

Suppose the experiment gives the value 7. Although this 
value occurs in the long run in only 8 per cent, of such experi- 
ments, values which occur more frequently, viz. those in the 
confidence range 8 to 11, occur in only 76 per cent, of trials. 

This confidence range then is not very exhaustive, for values 
outside it occur in as many as 25 per cent, of trials. As 7 
occurs in the long run not less frequently than any other 
of these outside values, its occurrence on this occasion would 
not commonly be regarded as very surprising. Total I l OO 

If the experiment leads to the value 12, no more and J — . 

no less doubt is engendered than by the occurrence of 7. 

Either value may be said to lie at the “0-26 significance level ”. 

But, using one end of the distribution, it is often said that as values as high 
as or higher than 12 have the frequency 0-15, therefore 12 is at the “0-16 
significance level”. The implication is that the frequency 0'16 supports the 
hypothesis while the remaining 0-86 is against it. The fallacy lies in thus 
setting 7 against 12 whereas these two values have equal frequencies, in setting 
6 against 12 whereas 6 has the lower frequency, and so on. Likewise it is argued 
that as values as small as or smaller than 7 occur with a cumulative frequency 
of 0*10, so 7 is at the “O-l significance level”. Both statements are false, 
the correct statement being that either 7 or 12 is just outside the 0-75 confidence 
range, or that either lies at the “ 0-26 significance level ”. 

In the case of a continuous J-shaped distribution such as that of Xi® or 
of X 2 *> in which the frequency density is greatest at the value zero of the variate 
and continually diminishes as the value of the variate increases, the range from 
0 to any value of the variate is obviously a confidence range, and the total 
frequency of values exceeding that value may validly be referred to as the 
“ significance level ” corresponding to that value. But this is not valid for a 
continuous distribution which fades at both ends. For example, in a standard 
normal distribution, values exceeding -fl -96 have the frequency 0'026 ; values 
from —1*96 to -i-1-96 form a confidence range with total frequency 0*96; 
values outside this range have the frequency 0 •05 ; and either ±1 ‘96 is correctly 
said to lie at the 0'06, but not the 0-026, “ significance level ”. 

In a symmetrical distribution the limiting values of any confidence range 
are equal and opposite ; but in a skew distribution, when one limit is given 
its companion is not found so readily. The frequency density at the value u 

of the Gamma variate iXio*=®(5) is If 14 is an observed value of 

Xio’ and so 7 is the corresponding observed value of c(5), it can be found (con- 
veniently with a slide rule having a log-log scale) that the f.d. at 2 is about 
the same as at 7 and thus that 4 to 14 is a rough confidence range for xio^< The 
frequency of values of is about 0-06, and of values >14 about 0*17. 

Hence either 4 or 14 is at the 0*22 significance level. 

For sums of squares of larger numbers of statistically independent s.n.v. 
such as Xao*» i'ii® error in estimating “ significance ” from one end of the 
“ probability integral ” continues to be important — ^if importance is to be 


* / 


6 0-02 

7 0-08 

8 0-26 

9 0-22 

10 018 

11 010 

12 0 08 

13 0 06 

14 0 02 


««> B.P., p. 217. 




94 GOODNESS OF FIT OF HTPOTHESBS AND PBAESON’S X* TEST. 

measured by the current demand for great accuracy in these matters. For 
example, the values 18-5 and 40 of X 3 o‘ hs>ve about the same f,d. and form a 
confidence range. On reference to a table of xso* is sometimes said that 40 
is at the 0-10 significance level nearly, and that 18 *6 is at the 0*06 level nearly, 
whereas either is at the 0'15 significance level, and this gives a quite different 
basis for either confidence or doubt. 

In the same way it follows that the widely used tables of the Variance Batio 
(Fisher’s z and e*® or F tables)*^*’ in which, for example, the “ upper and lower 
6 per cent, points ” correspond to the two tails of the same Beta distribution,*^®* 
are liable to the same kind of misinterpretation. For example, when the argu- 
ments of these tables, and have equal values, then instead of “ 6 per 
cent.” we should read “ 10 per cent.” But when it will be clear from 

the preceding paragraphs that we shall often need to use a multiplier larger than 
2 to convert to a true significance level the apparent level derivable from these 
tables. 

We may now test the efficacy of the device of using opposite cell numbers 
in producing confidence ranges by applying the analysis of x* in §II to a simple 
binomial frequency distribution. A supposedly random sample of 103 individuals 
is drawn from a very large population in which the proportions of black and 
white are said to be 10 per cent, and 90 per cent. The sample is found to contain 
16 black and 88 white. 

Here there are two cells only and Wi=10-3, W2=92’7 ; l/m^ and 1 /-\/ot 2 
are 0{0-1). We (tentatively) neglect this order. By (11) the frequency with 
which aj ranges from 14 to its opposite nmnber 7 (the sum of these being the 
nearest integer to 2mi) is to be found approximately by taking =14- 6— 10*3, 

a!'i=4-0, and therefore x'i=—4c-0, whence we have opposite values of the 
4: * 0 

S.U.V. --=== = + — =+1-314 to determine a confidence range which 

3^1 ‘03 

will just exclude the observed value 15. From the normal table the frequency 
of values in this range is 0 -811 and of values outside it 0 -189. 

Examining the frequencies of individual values in the appended table 
of (0*9-l-0'l)^®*, we see that 7 to 14 is a true confidence range, and also that 
values outside this range have the frequency 0 • 101 -f-O* 88 =0*189. 

For another example, suppose a sample of 102 contains 16 black. Here 
Wi=10*2 and from the opposite numbers 16 and 5 we find a?' 2 =— 6*6; the 
s.n.v. has the range ±1*815, and the frequency of values outside this range is 
0*070. Comparing this with the binomial table of (0*9+0*!)^®® we find that 
6 to 16 is a true confidence range and that the frequency of values outside it is 
0*021+0*046=0*067. (In this case one would be disposed to doubt either the 
technique of sampling or the reputed proportions.) 

In these examples the small cell has a mean number as low as 10 nearly, 
while the large cell, postulated for the argument of §11, is only moderately large, 
its mean number being about 90. Yet the device of opposite numbers provides 
results which are approximate enough for practical statistical purposes. Excep- 
tions occasionally occur near the centre of the binomial distribution ; for 
example, the opposite numbers 9 and 12 in a sample of 103 do not form a true 
confidence range. This would tend to make the reasoning uncertain in the case 
of several small cells showing observed numbers very near to the mean numbers. 

These binomial examples may, of course, also be solved by forming the 
value of Xi*, which gives a solution equally critical with that already found, 
for here uiere is but one s.n.v. to be considered. Thus in the first case, the 


Fisher and Yates» Statistical Tables ”, Oliver and Boyd, 1938, pp. 30, 31. 
E.P., pp. 236, 237. 
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frequency with which the number in cell (1) is outside the range from 14 to its 
opposite number 7 is approximately the frequency with which Xi* exceeds 

frequency may be found from the 

Xi® table, or, as it is the f. with which the s.n.v. is outside the range 
4-0 

+— — -r: ,, from the normal table as already computed. 

Table of Binomial Distributions, 


X 

(0-9+0-l)i“ 

/ 

(0-9+0 1)“» 

f 

(0-9+0-l)“» 

/ 

(O-9-hO 

/ 

2 

2 

2 

2 

1 

3 

6 

5 

5 

4 

4 

16 

14 

13 

12 

5 

34 

32 

29 

26 

6 

60 

54 

52 

47 

7 

89 

83 

80 

74 

8 

115 

109 

107 

102 

9 

130 

127 

125 

122 

10 

132 

131 

131 

130 

11 

120 

122 

123 

125 

12 

99 

103 

105 

108 

13 

74 

79 

82 

86 

14 

51 1 

56 

58 

63 

15 

33 

37 

38 

43 

16 

19 i 

22 

23 

26 

17 1 


I 12 

13 

15 

18 

5 1 


7 

8 

19 

2 ' 

' 3 

4 

4 

20 

1 

2 

2 

2 

21 

1 

1 

1 

1 1 

22 

1 



1 

Total 

1000 

I 

1000 

1 

1000 

1 

1000 


<!•) Yule aad Kendall, Theory of Statistics, 1937, p. 536, Appendix, Table 4b. 
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Abstract . — The paper describes three species of blastoids (two regarded as 
new) from the Fenestella Beds of the Upper Marine Series (Permian) of the 
Hunter River District of New South Wales. At least two of these appear to 
be congeneric with forms fiom the Basleo Beds of the Permian of Timor, N.E.I. 

Introduction. 

Examples of recognisable Pelmatozoa are very rare in the Palaeozoic rocks 
of New South Wales. No cystoids are recorded, few blastoids and relatively 
few crinoids. It is therefore interesting to And specimens of three blastoids, 
which are possibly congeneric with forms occurring in the Basleo Beds of the 
Permian of Timor, Netherlands East Indies. 

The paper deals with three species belonging to three genera, 

Family Codasteeid.® Eth. and Carp. 

Notoblastus brevispinus gen. et sp. nov. 

Family Pentrbmitid® d’Orbigny. 

Calycoblastus casei sp. nov. 

Rhopalobiastus (7) belfordi (Orockford and Brown). 

Each species is represented by a single specimen. The first, Notoblastus 
brevispinus gen. et sp. nov., was collected by A. H. Voisey in February, 1941, 
in a rock specimen exposing only the basal plates, which, on development, 
yielded a complete specimen. 

The second, Calycoblastus casei sp. nov., was discovered by E. C. Case of 
Ann Arbor, in 1923, during a visit to this country, and it was mentioned by 
T. W. E. David<3> (p. 19), but was subsequently lost. A brief description of 
it has already been given (Orockford and Brown*®*) based on a plaster cast and 
photographs of the original specimen. The latter has since been foimd in the 
Geological Museum, University of Sydney, and shows certain features not 
discernible in the cast or photographs, which permit of its more detailed descrip- 
tion and its identification with a genus from Timor. An isolated radial plate 
of the third species was described in the same paper (Orockford and Brown*®*), 
but its relation to another genus occurring in Timor, Rhopalobiastus, is suggested 
here. 

Since no specimens from the Basleo beds of Timor are available to me for 
examination, comparisons are based entirely on the descriptions and illustrations 
in papers of J. Wanner.*^** ^®* The first species is particularly interesting 
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morphologically in showing features that Wanner<^*> (p. 186) points out are 
particularly characteristic of the Permian blastoids of Timor, viz. : 

(1) The lengthening of the radials or interradials into arm- or wing-like 
projections. 

(2) The retreat of the ambulacra towards the peripheral parts of the 
“ rays.” 

(3) The division of the posterior deltoid into a hypo- and epi-deltoid. 

Geological Age. 

The specimens come from localities twenty miles apart, but all occur in the 
Fenestella Shales, a bed about 70 to 100 feet in thickness, in the Branxton stage 
of the Upper Marine Series, which was mapped by L. J. Jones (1932) and found 
to be consistently 1,500 to 1,600 feet above the Greta Coal Measures. 

The Upper Marine Series forms portion of the Permo-Carboniferous or 
Kamilaroi System (David and Su8smilch,<®> p. 483) of the Hunter Eiver District, 
New South Wales, which is very fossiliferous on certain horizons. Few, if any, 
of the species, however, occur outside Eastern Australia, so that correlations are 
based on general considerations, occurrences of glacial beds, etc., rather than on 
specific id^entities in the faunas. The Series occurs between the Lower (or 
Greta) and the Upper Coal Measures, both of which carry a Qlossopteris flora. 

The Upper Coal Measures have yielded a Labyrinthodont, Bothriceps 
major A. Smith Woodward, regarded as Upper Permian by David (<^> p. 67), 
and the probable Upper Permian age of the Upper Coal Measures is also indicated 
by the fairly rich insect fauna described by Tillyard (in David,<^> 1932, p. 68). 

The age of the Baaleo Beds of Timor has been discussed by several writers, 
including J. Wanner, J. Perrin Smith,<^^> H. A. Brouwer*^* and De Marez 
Oyen8,<®> and there appears to be consensus of opinion, based chiefly on the 
occurrence of ammonites, that “ the fauna of Basleo agrees fairly well with 
that of Sosio in Sicily and that of the Word Formation in Texas, in aU three 
regions characterized by the occurrence of W aagenoceraa ” (J. P. Smith<^*>). 

A. K. Miller*^®’ has reviewed the stratigraphical significance of all Permian 
genera of Ammonoids in the Sosio Beds, Sicily, and concludes : “ The Permian 
Sosio beds of Sicily represent a palaeontological zone that is slightly but very 
distinctly younger than the cephalopod-bearing sandstone of the Artinsk group 
of the Urai Mountains ”. He also correlates the Sosio beds with those of Basleo, 
Timor and the Word Formation of Texas, stating their age to be “ almost certainly 
Middle Permian ”. 

In a later paper on “ Comparison of the Permian Ammonoid Zones of 
Bussia with those of North America ”, A. K. Miller*^®' places the Word Formation, 
Texas, with Waagenoceraa, in the upper part of the Middle Permian. He 
regards the Artinskian as lower Middle Permian. 

In his classic paper “ The Type Permian : Its Classification and Correlation ”, 
C. O. Dunbar*’’ places the Word Formation, Texas, on the basis of the Fusuline 
zones, in the upper part of the Parafuaulina zone, and correlates it with the 
Eazanian Beds of the Permian of the U.S.S.R. 

Unfortunately no fusulinids and only a single specimen of an unidentified 
ammonoid (Etheridge,*®’ p. 36) have been found in the Upper Marine Series in 
New South Wales. 

The occurrence of similar peculiar blastoids in New South Wales and in 
Timor suggests correlation of the beds in which they occur. 

Thus it is suggested that the FenesteUa Beds in the Upper Marine Series 
are approximately equivalent to the Basleo Beds of Timor, and through them 
are to be correlated with the Sosio Beds of Sicily, the Word Formation of Texas 
and the Kazanian of the type Permian sequence. 

H — AuiTUSt 6, 1941. 
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Descbiption of Species. 

Phylum BCHINODEEMATA. 

* Glass Blastoidea. 

Family Codastekid.s; Eth. and Carp., 1886. 

Genus Notoblastus gen. noy. 

Genotype : NotoblaaPus brevispinus gen. et sp. noy. miles south of 
Kitchener, near Cessnock, N.8.W. 

Diagnosis: Theca discoidal, pentagonal in outline. 

Basal cycle, almost flat, pentagonal in outline, consisting of three plates. 
Eadials, flye, sharply folded back on themselyes at the equator ; sinus short, 
on the upper surface only. Deltoids, flye, on the upper surface only. Slightly 
domed. Posterior deltoid diyided into an epi-deltoid and hypo-deltoid, the 
suture passing across the anal opening. Ambulacra on the upper side of the 
theca, sub-petaloid, and slightly eleyated aboye the general surface, situated at 
some distance from the mouth. About 20 side-plates on each side of an 
ambulacrum. Hydrospire folds cross the radio-deltoid sutures, usually 12 to 14 
on each half-suture but apparently none on the radial-hypo-deltoid sutures. 
Spiracles absent. Mouth central, small, pentagonal. Pood grooyes radiate to 
the ambulacra. Anal opening, elliptical and slightly elevated. 


Notoblastus brevispinus gen. et sp. nov. 

Plate IV, Figures 1-3, Text-figure 1 (a, h, c). 

Holotype : Australian Museum, F.39762. Locality: Quarry, 1^ miles 
south of Kitchener and 4| miles south of Cessnock, New South Wales. Horizon : 
Fenestella Shales, Branxton Stage, Upper Marine Series, Permian. Only known 
specimen is an almost complete theca, collected by A. H. Voisey, 1941. 

Description. The specimen is a cast in fine sandy shale and has probably 
been subjected to a certain amount of crushing. Theca very much flattened, 
pentagonal in outline, the angles being drawn out into short spines. Diameter 
of theca 30 mm., thickness now from 6 to 7 mm., probably originally more than 
this. 

Basal cycle consists of three plates, one small and two larger plates, 
pentagonal in outline, a ridge running from the centre to each point of the 
pentagon. Finely striated parallel to the outer margin. Basal plates 5 to 10 mm. 
in length. No trace of any stalk. 

Eadials, five in number, each about 17 mm. in width and 16 mm. in length. 
The body of each radial is about 10 mm. in length and the limbs 6 mm. The 
radials are almost doubled back on themselves at the equatorial margin of the 
theca, and are, also drawn out into solid spines up to 3 mm. in length, at the 
ends of the radial sinuses. Eadial sinus short and completely filled with plates 
of the ambulacra. 

Deltoids, five large plates, each quadrilateral and convex upwards. The 
posterior deltoid divided into an epi-deltoid and a hypo-deltoid by a suture 
which runs across the anal opening. 

Ambulacra, five, petaloid. They commence about one-third of the radial 
distance from the mouth, equal lengths being situated between the deltoids and 
in the radial plates. They do not extend on to the spines. Connected to the 
mouth by a food groove. The ambulacra stand up above the surface of the 
theca. Lancet plate not visible, completely covered by the side-plates, which 
are arranged alternately on either side of the central groove. There are about 
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Text-figure 1 . — Notoblastits hrevispinus g.n. et sp.n. x 2. 
Diagrammatic sketch to illustrate structures. 


(a) Oral view, (6) aboral view, (c) view of posterior side. 

am6., ambulacrum (pseudambulacrum), with food groove ; «./?., side- 
plates ; O, mouth aperture; A» deltoid; EA» epideltoid ; HA» 
hypodeltoid ; radial ; A, hydrospire-folds ; basal ; As, anal 

opening. 
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20 side-plates on each side of each ambulacrum (40 in all). Length of ambulacrum 
is 10 mm. Length of the side plates : those nearest the mouth about 2-5 mm., 
those remote from the mouth less than 0*5 mm., inclined to the axis at angles 
of 60° and 70° respectively. No outer side-plates can be discerned in the 
specimen. 

The anal opening is oval in shape, 1 • 5 mm. by 3 ■ 0 mm., situated two-thirds 
of the radial distance from the mouth, l3dng between the epi-deltoid and hypo- 
deltoid. 

Mouth central, small. 

Hydrospire folds appear to be represented by a number (14 to 19) of narrow 
slits which cross the r^o-deltoid sutures, and which resemble those in the 
pectini-rhombs of certain cystoids. 

Resemblances. Notoblastiis brevispinus resembles the Indoblastus granulatus 
Wanner in the general arrangement of the plates, although it diflEers somewhat 
in shape, and in the occurrence of short, radial spines. From Pterotoblastus 
graeUvs Wanner it differs in general shape, in the position of the ambulacra, the 
arrangement of the spiracles, and the division of the posterior deltoid into an 
epi-deltoid and a hypo-deltoid. It differs from Thaumatoblastus spp. Wanner 
in the length of the spines, the situation of the ambulacra, and the number, 
shape and arrangement of the side-plates. Thaumatoblastus is known only by 
small fragmentary remains and better material may show closer resemblance 
to the species under consideration. 

Family Pentbemitid.® d’Orblgny. 

Genus Calycoblastus Wanner. 

Wanner, J., 1924. — ^Palaontologie von Timor. XIV Lieferung, XXIII Die 
Permischen Eehinodermen von Timor. II Teil, Stuttgart, 1924, pp. 
35-40, Taf. OCI, (3), fig. 11-15. 

Genotype: Calycoblastus tricavalus Wanner. Nordabhang des Somohole 
bei Soefa, Timor, East Indies. 

“Diagnose: Th knospenfSrmig, am Scheitel zusammengezogen, an der 
Basis triedrisch, trichterfdrmig. Querschnitt der Peripherie sub-pentagonal. 
EE lang und schmal, die Aste viel langer als der Korper. DD klein, aber auf 
der Aussenseite der Th sichtbar. Ambulakra linear, im Sinus nur schwach 
eingesenkt. Lanzettstiick aussen ganz von den Seitenplattchen, innen von den 
Hydrospirenplatten bedeckt. Zahl der Seitenplattchen etwa 60. Spirakula 
10, von Deltoid- und Seitenplattechen begrenzt ; das hintere Paar anscheinend 
mit der Analdffnung vereinigt. 6 Hydrospirentaschen auf jeder Seite des 
Ambulakrums.” 


Calycoblastus easel sp. nov. 

Plate IV, Figure 4, Text-figure 2 (a, b). 

Blastoid. T. W. E. David, 1923. — ^Pan-Pacific Science Congress, Australia, 
1923. Guide-Book to the Excursion to the Hunter Eiver District, 
footnote, p. 19. 

Blastoid. J. M. Crockford and I. A. Brown, 1940. — Proc. Linn. 8oe. N. 8. Wales, 
1940, 66, p. 168, text-fig. 1, plate IV, figs. 4, 6. 

Hdhtype. Australian Museum, P.39408. Locality : Eailway cutting, 
one mile west of Branxton Eailway Station, N. S. Wales. Horizon : Fenestella 
Shales, Branxton Stage, Upper Marine Series, Permian. 

Only specimen knoAim, a cast in fine ferruginous sandstone, collected 1923, 
by Dr. E. C. Case, in- whose honour the species is named. 
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Deaeration. Theca imperfectly preserved, bud-shaped, about 65 mm. 
in height ; maximum diameter at the base of the radial sinuses, 41 mm. by 
26 mm. ; equator about half-way between the base and the mouth. Cross- 
section pentagonal, two straight and three concave sides. 

Basal cycle, probably trigonal, the smaller basal (17 mm. long) and portion 
of one of the larger basals only visible. Funnel-shaped. 

Radials, five ; each about three-fourths of the height of the theca, convex, 
40 mm. in length ; ratio of the body to the Umbs varies from 20 : 20 to 20 ; 26. 
Interradial sutures straight. Sinus approximately half the length of the plate, 
with parallel sides, bordered on either side by a narrow triangular bevel, similar 
to that shown by Wanner for Calycoblastus tricavatus. In vertical section the 
sinus makes an angle of approximately 120° with the body of the radial. 



Text figure 2. GalycobiastfJs ccLSP.i sp.n. 

Diagrammatic sketch to illustrate structures, xl. 

(a) Side view, (6) oral view. 

omft., ambulacrum (pseudambulacrum) ; «.p., side-plates ; O, mouth 
aperture ; A » deltoid ; i?, radial ; h, hydrospire folds ; spiracles ; 

By basal. 


Deltoids, five, small, 6 to 7 mm. in length. Radio-deltoid suture convex 
upwards, so that the shape of the deltoid is a triangle with a concave base. The 
posterior deltoid, whose position is only partly preserved, probably contained 
the anus. 

Ambulacra, five, from 25 mm. to 30 mm. in length, and of a uniform width 
of 3 mm. to 4 mm., in grooves 1 mm. to 2 mm. in depth. No side-plates are 
preserved, but moulds of the side-plates occur at intervals, 20 in a length of 
10 mm. on each side of the ambulacrum, indicating in all about 60 on each side 
of the ambulacrum. Impressions of the underlying lancet plate are exposed in 
some places, and at the lower ends of two of the ambulacra, impressions of the 
hydrospire-folds are visible, five on each side of the ambulacrum. 

There are indications of 10 spiracles, situated in the inter-ambulacral 
regions. 

Mouth, represented by a protuberance or internal mould, 3 mm. by 2 mm., 
pentagonal in outline. 
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Besemblmces. The spedmen is very close to that of the genotype, Calj/eo- 
blastus trieemaue Wanner, the chid distinction apparently being the. ratio of 
the parts of the radial plates. 

From the Carboniferous genus Trieodocrinus Meek and Worthen, 1888, it 
dMers in the shape of the deltoids, the proportions of the radials, the number of 
the hydrospire folds and the characters of the ambulacra. 


Genus Rhopaiobiastus Wanner. 

Wanner, J., 1924.— Jaarb. Mijnw. Ned.-Oost-Ind. Verb. (1922) 1924, pp. 215-219. 

Taf. Ill, fig. 1-5. 

Oenotype : Bhopaloblastm tinwrieus Wanner. Basleo, Timor. 

“ Diagnose ; Th keulen- bis bimfSrmig, an der Basis verlkngert, stielformig, 
vom Stietosatz bis zu den Badiallippen sich verbreitemd, am Scheitel breit, 
konyex, im Umriss fiinfseitig. Peripherie hoch Tiber dem Aequator, mit den 
Badiallippen zusammenfallend. Basalkranz hoch, trichterfSrmig, normal zusam- 
mengesetzt. ER gross, kiirzer als die BB, Korper der RE mehr als doppelt 
solang als die Aeste am Radialsinus. DD klein, aber in der seitlichen Ansicht 
der Th deutlich sichtbar, im Umriss subtrigonal bis rhomboidisch. Ambulakra 
kurz, lanzettfSrmig, nur wenig eingesenkt, fast den ganzen Sinus ausfiillend. 
Lanzettstiick von den Seitenpiattchen bedeckt. Spirakeln einfach, zuweilen 
mehr Oder weniger vollstandig dutch ein Modianseptum geteilt, proximal und 
seitlich von den Seitenplattchen begrenzt ; hintere Spirakeln mit dem Anus 
zu einer gemeinsamen Oeffnung vereinigt. Hydrospiren auf jeder Seite des 
Ambulakrums anscheinend drei.” 


Rhopaiobiastus (?) belfordl (Crockford and Brown). 

Tricoelocnnus (?) belfordi J. M. Crockford and I. A. Brown, 1940. Proc. Linn. 
8oc. N.8.W., 1940, 65, pp. 167-170, pi. IV, fig. 1, 2, (?) 3. 

Holotype : Australian Museum, F.39158. Locality : 100 yards west of 
Jump-Up Creek, Portion 14, Parish of Belford, 2^ miles north of Belford Railway 
Station, New South Wales. Horizon : Fenestella Shales, Branxton Stage, 
Upper Marine Series, Permian. 

Desmpfion. There is nothing to add to the description previously given ; 
the specimen is a single radial plate with portion of the ambulacrum. Other 
specimens are required to fix its generic affinities with certainty. 

Comparison with the described blastoids from the Permian of Timor suggests 
its relation with Bhopedoblaatus timorieus Wanner, rather than with the 
Carboniferous genus Tncoelocrinm Meek and Worthen, 1868. 
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Description of Plate IV. 

Figures 1-3. — Noiohlastua brevispinus g.n. et sp.u. x2. Holotype. Near Kitchener, Cessnock 
District, N.S.W. 

Figure 1. — Theca from the oral side. 

Figure 2. — Theca from the aboral side. 

Figure 3. — ^Theca from the side. 

Figure 4. — Calycoblastus casei sp.n. x 2 approx. Holotype. Near Branxton, N.S.W. 

View of portion of theca showing hydrospire folds at lower end of ambulacrum and radio - 
deltoid suture. 


(Photographs by H. G. Gooch.) 
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Summary. 

Six new species and one new genus of Bryozoa (Trepostomata and Crypto- 
stomata) are described from the Upper Silurian Hume Series near Yass, and from 
the Devonian of Taemas (Murrumbidgee Kiver) and Tamworth, New South 
Wales. 


Introduction. 

The specimens described were collected from the Upper Silurian near 
Yass, and from the Devonian near Taemas and Tam worth. The following 
species of Bryozoa are described : 

Order Trepostomata. 

Family HETEROTRTPIDiE, 

Cyphotrypa (?) shearsbyi sp. nov. (? Middle Devonian, Taemas) . . p. 106 


Order Crtptostomata. 

Family Phtlloporinid.®. 

Paevdohomera (?) retiformis sp. nov. (Upper Silurian, Yass) 

Family Fenestrbllinid^. 

FenestreUina mouara sp. nov. (Middle Devonian, Tamworth) 
Semicoscinium vallatum sp. nov. (? Middle Devonian, Taemas) 

Family AoANTHOCLADnD/E. 
Penniretepora lobata sp. nov. (Upper Silurian, Yass) 

Family Arthrosttlid.®. 

Peanastylua humei gen. et sp. nov, (Upper Silurian, Yass) 


p. 106 
p. 108 

p. 109 
p. 110 
p. 112 


Of the genera recorded from the Upper Silurian Hume Series near Yass, 
Penniretepora d’Orbigny has not previously been recorded from below the base 
of the Devonian ; Paeudobomera Eoemer, to which one species is provisionally 
referred, ranges from the Upper Ordovician to the Silurian; and species of 
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Olauconome Goldfuss, to which Pesnastylus humei is most closely related, are 
typically Silurian. FenestreUina d’Orbigny, which is recorded from the Moore 
Ck. Limestone near Tamworth, ranges from the Early Silurian to the Permian ; 
the age of the Moore Ck. Limestone (Middle Devonian) has been discussed by 
Benson. Semicoseinium Prout is known elsewhere from the Upper Silurian 
to the Devonian ; and Cyphotrypa Ulrich and Bassler ranges from the Ordovician 
to the Devonian, but Cyphotrypa (?) shearsbyi, which occurs at Taemas, is most 
closely related to a Middle Devonian form, C. (f)nuiculo8a Dimcan, from the 
Traverse Group of Michigan. Dr. Hill<®* (p. 249) considers that a Lower Middle 
Devonian age is indicated by the coral fauna of the limestones at Taemas in 
which these last two genera occur. 

Description of Species. 

Phylum BRYOZOA Ehrenberg. 

Class Gymnol^mata Allman. 

Order Trepostomata Ulrich. 

P'arnily Heterotrypid.® Ulrich. 

Genus Cyphotrypa Ulrich and Bassler. 

Cyphotrypa Ulrich and Bassler, 1901. Smithsonian Miscellaneous Colin., 
Vol. XLVII, p. 29. 

“ Massive Heterotrypida^ Zooecial walls thin, amalgamated, the central 
portion light-coloured ; tubes prismatic, with numerous well- developed 
diaphragms ; raesopores wanting, acanthopores well -developed.” (Original 
definition.) 

Genotype : Leptotrypa acervulosa Ulrich, 1895, Geol. and N.H. Survey of 
Minnesota, Vol. Ill, Pt. 1, p. 318, pi. XXVII, figs. 24, 25. 

Cyphotrypa (7) shearsbyi sp. nov. 

(Text-figure 1a-b.) 

Holotype : 1439, Sydney University Collection. 

Horizon and Locality : Basal Limestone Series, (? ) Middle Devonian, Por. 
229, Par. Waroo, near road about 200 yards north of Taemas Bridge, Murrum- 
bidgee River. 

Massive Cyphotrypa (f), ^vith rather thick walls; diaphragms fairly abundant; 
acanthopores well developed. 

The zoaria are irregular in shape, about 3 can. in their greatest diam<‘ter, 
and up to 2 cm. in height ; they are composed of more than one layer of tubes, 
and individual layers may attain a length of over 1 cm. The base of the zoarium 
is encrusting. The specimens could not be detached from the matrix, and the 
surface features are therefore not shown ; the presence of monticules is suggested, 
however, by areas composed of thicker walled tubes ; these areas are up to 
3 mm. in diameter, but may be much smaller ; a few irregular, very thin-walled 
tubes sometimes occur in these monticules, but they have the appearance of 
abnormal zooecia rather than of mesopores ; these tubes may have broken down, 
leaving the centre of the monticule marked by sediment and brown flocculent 
material. The centres of the monticules are usually at least 4 mm. apart, but 
as the upper surface of the zoarium was irregular the distance may have been 
greater at the surface. The zooecia are sub-angular, usually from 0 • 2 to 0 • 3 mm. 
in diameter, but may be slightly larger at the monticules ; smaller (young) 
zooecia are rather infrequently interpolated at the angles of the normal ones. 
The walls are usually from 0‘06 to O' 08 mm. in width, but are slightly thicker 

I — ^August 6, 1941. 
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in the monticules, and thinner around the irregular zooecia. Over a large part 
of the sections the walls show a fairly broad median light band, bordered by 
slightly darker material; in some parts, however, the central light band is 
replaced by very finely granular dark material, or becomes indistinct. The 
acanthopores, wMch generally, but not always, occur at the angles of the tubes, 
are lamellar, and show a fine central lumen ; they may slightly indent the tube 
walls. When the median light band of the walls is replaced by dark granules, 
these are interrupted by the acanthopores, which are surrounded by a light 
area. The lamell^ of the acanthopores and walls are best shown in longitudinal 
sections. The zooecia over parts of the sections are lined by fine free granules ; 
the infilling of the tubes is usually clear calcite, but may be sediment. The 
walls are thickened for by far the greater part of their length ; for about 0 • 6 mm. 
near the base they are, however, thinner, and the tubes may be slightly bent 
horizontally. Thin, complete, horizontal or oblique diaphragms are developed 
at irregular intervals in the zooecia, and from 4 to 12 may occur in 3 mm. There 
are no cystiphragms. Mesopores are not developed, the occasional smaller tubes 
shown being young zooecia. 

BemarTcs : The central Ught band of the walls resembles that shown in the 
Heterotrypidae, but the dark granular band in the centre of the walls over part 
of the sections is unusual in this family ; Cumings and Galloway* (p. 369), 
however, have shown that a median dark band may be developed in the walls 
of some species of Heterotrypa. This species appears to be most closely related 
to species of Cyphotrypa (?) such as C. (?) maculosa Duncan, which it resembles 
in its rather thick walls. 

Order Crtptostomata Vine. 

Family Phtllopobinid^ Ulrich. 

Genus Pseudohornera Foemer. 

Psetidohornera Eoemer, 1876, Leth. Geognostica, 1, Leth. Pal., Vol. I, Atlas, 
Expl. PI. XII. 

Pseudohornera Eoemer, Bassler, 1906, U.S. Geol. Surv., Bull. 292, p. 49. 
Pseudohornera Eoemer, Bassler, 1911, U.S. Nat. Mus., Bull. 77, p. 172. 

Genotype : Betepora diffusa Hall, 1852, Pal. New York, II, p. 160, pi. XL o. 
Figs. la-/. 

“ Zoarium branching dichotomously at frequent intervals, on reverse 
longitudinally striated ; zooecia in several ranges, tubular, springing from a 
thin double plate, beneath which a number of vesicles (aborted zooecia?) are 
present ; vestibules expanding from the orifices to the angular apertures.” 
(Nickles and Bassler, 1900, p. 37, as Drymolrypa Ulrich.) 

Pseudohornera (7) retiformis sp. nov. 

(Plate V, Figs. 4, 5, Text-figure Id.) 

Hcdo^fpe: F.28632, Australian Museum Collection. 

Horizon and Locality : ? Lower Trilobite Horizon, Hume Series, near 
Bowning. 

Reticulate Pseudohornera (?), voith usually three to four rows of zooecia on each 
branch ; acanthopores and mesopores absent ; vesicles developed between the backs 
of the zooecia and the reverse surface. 

The holotype is a fiat expansion, 3 • 6 cm. high by 6 cm. wide. The zoarium 
is reticulate, but there is no indication of the shape of the colony. The specimen 
is so weathered that no thin sections could be prepared, and the internal structure 
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Text-figure 1. 


A. Cypkotrypa (?) shearabyi ; vertical section. X 10. 

B. Cyphotrypa (?) shearsbyi ; transverse section, x 10 ; and x 20, showing the variation in the 
structure of the walls of the zooecia. 

C. FeneatrelUna motiara ; reverse surface of the holotype. x 10. 

D. PsetidoJiomera (?) retiformis ; cast of the celluliferous surface of the holotype, x 10, showing 
the shape of the zooecial apertures and of the casts of the zooecia, and the vesicles developed 
near the reverse surface. 

E. Smmoacinium vaUatum ; celluliferous surface of a topotype (1441, Sydney University Collec- 
tion), x 10, showing the expanded carina. 

F. Feneatrellina mouara ; celluliferous surface of the holotype, x 10. 

G. Pesnaatylus humei ; sections across two midribs, and three lateral branches, X 10. 

H. I. Pesnastyltis kumei ; sections parallel to the surface of the branches, showing zooecia of 
the lower row on the midrib and lateral branches, and apertures of the upper row, x 10. 
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is therefore known only from weathered surfaces. The branches are convex on 
both surfaces, and show usually four, or three, rows of zooecial apertures ; 
the lateral rows open on the sides of the branches, towards the fenestrules. 
The branches are from 0-86 to 1-2 mm. in width ; the fenestrules, which are 
very irregularly placed and are irregular in shape, are from 0*5 to almost 3 mm. 
in width, and from less than 1 mm. to 7 mm. — usually from 3 ’6 to 6 nim. — 
in length. The zocecial apertures are circular, from 0'16 to 0’23 mm. in 
diameter ; no peristomes are shown ; the distance between the centres of suc- 
cessive apertures in the same row is from 0-5 to 0-83 mm. The cells are shown 
as casts, and are elongated and tubular, from about 1-0 to l-BB mm. in length 
from their origin to the far side of the aperture ; since no sections could be made, 
the presence or absence of diaphragms could not be determined, but the complete 
infilling of the zomcia by sediment suggests that no complete diaphragms were 
developed. The interspaces between the apertures were tMck and are invariably 
weathered away ; no mesopores are shown, though the casts of the zooecia 
themselves are well preserved, so that if mesopores did occur it is probable that 
they were closed at the surface. No acanthopores are developed. The non- 
celluliferous reverse surface is not well shown ; it was not very thick, and seems 
to have been smooth and evenly rounded. Between the backs of the zo(Pcia 
and the revers<< surface small vesicles, often elongated, are developed. The 
basal plate has been weathered away. 

Remarks : The presence of vesicles between the backs of the zooecia and the 
reverse surface, and also the apparent absence of mesopores, separate this form 
from species of Phylloporina Ulrich, and suggest affinity with Pseudohornera 
Roemer, to which genus it is provisionally referred ; the form of the colony, 
reticulate in this species, instead of dichotomously dividing branches, and the 
circular apertures — the apertures in Pseudohornera are typically angular at 
the surface, becoming oval within a short distance on account of the thickening 
of the walls — separate this species, however, from all described species of 
Pseudohornera. 

Family Fenesteellinid^ Bassler (Fenestellid.® King). 

Genus Fenestrellina* d’Orbigny, 1849. 

Homonym : Fenestella Lonsdale, 1839, preoccupied for a pelecypod 

Fenestella Bolten, 1798. 

Zoarium fiabellate or infundibuliform ; branches generally straight, some- 
times fiexuous, connected at regular intervals by dissepiments ; apertures in 
two rows, separated by a plain or tuberculated median keel. 

Genotype : Fenestella crassa McCoy, 1845, Synopsis of the Carboniferous 
Limestone Fossils of Ireland, p. 201, pi. 29, fig. 1. 

Fenestrellina mouara Sp. nov. 

(Text-figure 1, c, F.) 

Holotype: Specimen 1437, Sydney University Collection. 

Horizon and Locality : Middle Devonian (Moore Ck. Limestone), For. 41, 
Par. Woolamel, south of Moore (Mouara) Ck., near Tamworth. 

Fenestrellina with from four to twelve — usually about seven — zocecia to a 
fenestrule ; fenestrules long and rectangular ; branches and dissepiments narrow. 

The form of the colony is not shown ; the holotype is a fragment about 
2 cm. long and 5 cm. wide ; there are from rather less than 4, to 6, fenestrules 


♦ An application for suspension of the Rules of Zoological Nomenclature for the generic 
name Fenestella Lonsdale, 1839, has been submitted to the International Commission on 
Zoological Nomenclature (Q. E. Condra and M. K. Elias, Journal of Paleontology, Vol. 15, No. 4 
September, 1941), pp. 259-260). 
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vertically, and from 10 to 11 branches horizontally, in 10 mm. The branches 
are straight and relatively narrow, from 0 - 3 to 0 • 35 mm. in width ; they bifurcate 
at infrequent intervals and increase to three rows of zocecia occurs immediately 
before branching. The celluliferous surface is poorly preserved, but shows a 
slight median carina ; no nodes could be seen. The apertures are small and 
circular, about 0-11 mm. in diameter, and are placed on the flattened sides of 
the branches ; they are separated by almost twice their own diameter, the 
distance between the centres of successive apertures being about 0-3 mm. ; 
the number of apertures to a fenestrule varies with the length of the fenestrule, 
and from four to twelve may occur ; usually there are about seven. The 
fenestrules are sub-rectangular, from 1*1 to 3-55 mm. (usually about 2 mm.) 
in length, and from 0 • 47 to 0 • 85 mm. in width ; the dissepiments, which expand 
only slightly at their junction with the branches, are from 0-1 to 0-28 mm. in 
width. Both branches and dissepiments are evenly rounded on the reverse 
surface, which seems to have been coarsely granulose ; they are of about the 
same thickness. The zooecia are rectangular in outline on the basal plate. 

Remarks : From Fenestrellina propinqua (do Koninck), a Lower Carbon- 
iferous (Burindi) species, this form is distinguished by the more regular shape, 
and less regular size, of its fenestrules, and by its mueli broader, thicker branches. 

Genus Semicoscinium Prout. 

Semicoseinium Prout, 1859, Trans. St. Louis Acad. Sci., Vol. 1, p. -143. 

“ Zoarium funnel-shaped, celluliferous on the outer side ; disstipiments 
wide, very short, the branches appearing to anastomose on the non-poriferous 
face, where the fenestrules are sub-rhomboidal or rounded ; apertures in two 
rows, median keel very high and expanded at the summit.’’ (Nickles and 
Bassler, 1900, p. 38.) 

Genotype : Semicoscinium rhomboideum Prout, 1859, Trans. St. Louis Acad. 
Sci., Vol. I, No. 3, p. 443, pi. XVII, figs. 1, la-/. 

Semicoscinium vaiiatum sp. nov. 

(Plate V, Fig. 1 ; Text-figure lE.) 

Eolotype : 1440, Sydney University Collection. 

Horizon and Locality: (?) Middle Devonian (Eeceptaculites Limestone), 
Por. 208, Par. Waroo. 

Infundibuliform Semicoscinium, with the celluliferous surface external; 
two to three zocecia to a fenestrule ; carina high, expanded, at the summit. 

The zoarium is infundibuliform, with the celluliferous surface external ; 
expansion of the zoarium commences about 5 mm. above the base of the colony ; 
near the base the outer surface is covered by a sheath, formed by the coalescence 
of the summits of the carinae. There are about 20 branches horizontally, and 
14 fenestrules vertically, in 10 mm. The branches, which are from 0-29 to 
0-35 mm. in width, show, where they are well preserved, a high median carina, 
flattened and expanded at the summit, so that the sides of the branches are 
partly concealed ; over the greater part of the branches, however, the upper 
part of the carina has been broken away, and it is shown only as a slight ridge 
along the centre of the branch. No nodes are shown. The zooecial apertures 
are placed on the slightly sloping sides of the branches, and are exserted but do 
not project into the fenestrules ; the apertures are circular, about 0-1 mm. in 
diameter, and are separated by rather more than their own diameter, the distance 
between the centres of successive apertures being from 0-23 to 0-29 mm. ; 
five apertures occur in the length of two fenestrules and two dissepiments, and 
there are about forty apertures in 10 mm. The fenestrules are oval, from 
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0*27 to 0*34 mm. in length, and from 0*19 to 0*26 mm. in width ; the dis- 
sepiments are from 0*29 to 0*4 mm. wide, and the length of one fenestrule and 
one dissepiment is from 0 • 62 to 0 • 72 mm. On the reverse surface both branches 
and dissepiments are rounded, and they are of about the same thickness. Increase 
to three rows of apertures occurs immediately before bifurcation. 

The zoaria have been replaced by silica, and were etched from limestone ; 
over parts of the surface granular silica has been deposited between the carinse, 
but this does not seem to be a replacement of vesicular tissue, such as that 
developed in the genotype and in Semicoaeinium rhombicum Ulrich ; vesicular 
tissue does not occur in all species of Semieoscinium (Ulrich and Bassler,<**> 
1913, p. 286 ; Prantl,*!®' p. 52). 

Bemarka : This form is distinguished from described species of Semicoaoinium 
by its .small size. 


Family Aoanthocladiid^ Zittel. 

Genus Penniretepora d’Orbigny. 

Penniretepora d’Orbigny, 1849, Eovue et Magasin de Zoologie, 2e Ser., Tome 1, 
p. 501. 

[Non] Penniretepora d’Orbigny, 1850, Prodrome de PaMontologie Stratigraphique, 
Tome 1, p. 46. 

Penniretepora d’Orbigny, Bassler, 1934, Fossilium Catalogus, 1, pars 67, Bryozoa, 

pp. 20, 166. 

Homonym: Acanthopora Young and Young, 1875 (not d’Orbigny, 1849). 

Synonyma : Glanconome Auct. (not Goldfuss, 1826). Pinnatopora Vine, 
1884. Pinnatopora Vine and Shrubsole, 1884. 

Original Definition: “ Deux rang6es de cellules d’un seul c6te d’un ensemble 
pennrforme, compost d’une tige et de rameaux libres lat^raux, non anastimos^s.” 

Genotype : Eetepora pluma Phillips, 1827, Geol. Yorkshire, pt. 2, p. 199, 
pi. 1, figs. 13-16. 

Penniretepora d’Orbigny, 1849, has priority over PinrwAopora Vine and 
Pinnatopora Vine and Shrubsole, 1884. Penniretepora d’Orbigny, 1860 (genotype 
Glanconome diatieha Goldfuss, Lonsdale) is a synonym of Glanconome Goldfuss, 
1826, as redefined by Lonsdale in 1839, but many species described as Glanconome 
should be referred to Penniretepora. 

Penniretepora has not previously been recorded from below the base of the 
Devonian— d’Orbigny in 1849 gave the range as Silurian to Permian, but was 
including Glanconome diatieha in the genus. 

Penniretepora lobata sp. nov. 

(Plate V, fig. 3.) 

[?] “ Pinnatopora ” Shearsby, 1912, Eept. Austr. Assoc. Adv. Sci., Vol. XIII, 

p. 116. 

Holotype : F.30153, Australian Museum Collection. 

Horizon and Locality : BarrandeUa Shales (?), Hume Series, Derrengullen 
Ck., Por. 10, Par. Yass (holotype) ; Lower Trilobite Horizon, Hume Series, at 
the comer of the Bendenine and Boorowa Eds., Por. 12, Par. Derrengullrai ; 
BarrandeUa Shales, Hatton’s Comer, Por. 7, Par. Hume. 

Penniretepora mth a narrow midrib, from which thin, egnidiatant branchea are 
given off; zoceda more cloaely apaced on the branchea than on the midrib. 

The zoarium is piimate ; the midrib is thin, about 0*26 mm. in width, 
and is straight ; lateral branches are given off from both sides of the midrib 
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at intervals of from 0'86 to l-O mm., about 11 branches occurring on each side 
in 10 mm. ; the branches on opposite sides of the midrib are sub-altemating. 
The branches are straight, and are from 0*19 to 0*25 mm. in width ; the longest 
branch shown reaches a length of 3 mm. and is incomplete. The angle of 
divergence between the branches and the midrib is about 55° to 60°. Both 
branches and midrib bear a slight median carina, on which small nodes may be 
developed ; these are not well shown. The apertures are circular, about 
0 • 13 mm. in diameter ; they show slight peristomes, and are rather exserted. 
On the midrib there is one zooecial aperture at the end of each branch, and one 
between the branches, the distance between the centres of successive apertures 
being from 0*43 to 0*61 mm., about twenty-one apertures occurring in 10 mm. ; 
on the lateral branches the distance between the centres of successive apertures 
is from 0*3 to 0*41 mm., about twenty-seven occurring in 10 mm. On the 
reverse surface both branches and midrib are rounded, and they show very faint 
longitudinal strife ; the midrib (which is about 0*26 mm. thick) is much thicker 
than the branches. Internally the cells are triangular to sub-rhomboidal in 
outline, and their length equals the distance between their apertures. The 
inner layer of the reverse surface shows a number of strong longitudinal ridges 
and grooves. 

A specimen of this species from the Lower Trilobite Horizon at the corner 
of the Bendenine and Boorowa Eds. in Por. 12, Par. Derrengullen (1443, Sydney 
University Collection), shows a rather more complete zoarium, with a midrib 
2 cm. long, and about 0*4 mm. wide near the base and 0*3 mm. wide at the top, 
from which a number of evenly spaced lateral branches are given off ; two of 
these lateral branches, placed opposite one another, are themselves pinnate, 
giving off branches up to 2*2 mm. long, and placed the same distance apart as 
the branches on the midrib ; the first of these tertiary branches arises at a 
distance of from 2 • 0 to 2 • 4 mm. from the centre of the midrib. The measurements 
of this specimen are the same as those of the holotype. 

Remarks : From Pesnastylus humei sp. nov., this species is distinguished 
externally by possessing two, instead of four, rows of zooecia, by its much finer 
midrib and branches, and there is no anastomosis between the ends of the 
branches ; internally the shape of the zooecia is very different. 

Family ARTHEOSTVLiDiE Ulrich. 

Genus Pesnastylus gen. nov. 

Zoaria showing no articulation, 'pinnate, but with the lateral branches from 
adjacent midribs uniting ; new midribs formed by the coalescence of two or more 
successive branches from adjacent midribs, never by bifurcation of a midrib ; stems 
celluliferous over about one-half of the circumference ; zooecia in four rows, two on 
each side of a median carina, on both midribs and branches ; zooecia sub-tubular ; 
hemisepta, mesopores, and acanthopores not developed, and diaphragms rarely 
developed; reverse surface smooth or with faint longitudinal strife. 

Genotype: Pesnastylus humei sp. nov. 

No articulation is shown in any of the specimens, and the base of the colony 
is not shown by any of the zoaria, so that it is possible that either no articulation 
is developed, as in Olauconome Goldfuss, or that articulation is restricted to the 
base of the colony, as in Nematopora Ulrich ; other genera of the Arthrostylidse 
show very much greater articulation, but very similar zooecial characters. 
From Olauconome Goldfuss, as redefined by Lonsdale (non Olauconome Auct.), 
this genus is distinguished by the coalescence of the ends of the lateral branches 
from adjacent midribs, and by the mode of formation of new midribs. 
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Pesnaitylus humel sp. nov. 

(Plate V, Figs. 2, 6 ; Text-figure 1, G-i.) 

Coiypes: 1445, 1446, Sydney University Collection. 

Horizon and LoealUy : Barrandella Shales, outcrop in small creek west of 
Taemas Bd., For. 16, Par. Boambolo (cotypes) ; and Lower Trilobite Horizon, 
anticline on Boorowa Bd., For. 12, Par. Derrengullen, and at the comer of the 
Bendenine and Boorowa Bds., Por. 24, Par. Derrengullen. 

Zoarium pinnaie, with the ends of the lateral branches from adjacent stems 
coalescing ; four rows of cells separated by a median carina on both branches and 
midribs ; reverse surface of midrib v&ry thick, thinner on branches, smooth or with 
faint longitudinal striae. 

The base of the colony is not shown ; incomplete specimens measure up to 
4x7 cm. The zoarium is pinnate, with the ends' of the lateral branches from 
adjacent stems coalescing, and consists of midribs from 0-7 to 1 *3 mm. in width, 
and lateral branches from 0*4 to 0'65 mm. in width ; the lateral branches are 
given off from the midribs at very variable angles, and may pass straight from 
one midrib to another, or may point upwards and join to form a new midrib. 
The distance between adjacent midribs is from 1-6 to 7 mm. The number of 
branches originating in 10 mm. on each side of a midrib is from 7 to 9 ; the 
branches on opposite sides of the midrib may be approximately level or may 
alternate. Both branches and midribs bear a strong, broad, fiat-topped median 
carina, on either side of which are placed two rows of elliptical zocecial apertures ; 
on the midrib the apertures of adjacent rows may be placed level or may alternate, 
and on the branches they are usually alternating. On the midrib three to four 
apertures of the higher row (next to the carina) and usually one of the lower row 
occur between the origin of successive branches. The lateral rows of apertures 
on the branches are placed well down on the sides towards the reverse surface, 
and are shown only when more than half of the circumference is exposed ; on 
the midribs the apertures are restricted to the upper half, and the reverse surface 
is proportionately much thicker ; near the base of the colony extra deposits of 
calcium carbonate are extensively developed on both surfaces, and may obscure 
the apertures. The zooecial apertures are about the same size on both branches 
and midribs ; they are from 0*24 to 0-3 mm. in length, and about 0*15 mm. 
in width, and the distance between the centres of successive apertures is from 
O' 36 to 0*43 mm. in the upper row of the midrib, and from 0*3 to 0-43 mm. on 
the branches ; the apertures are on the whole rather more closely spaced on 
the branches ; the spacing of the apertures of the lower row on the midrib 
depends on the development of the lateral branches. The cell mouths have been 
filled with sediment, but the greater part of the cells is filled with granular calcite, 
so that in weathered specimens the casts of the cell mouths are very prominent. 
The thickness of the midrib is usually between 0>8 and 1'36 mm., and the 
thickness of the lateral branches about 0 • 7 mm. The reverse surface is evenly 
rounded, and may either be smooth or show faint longitudinal strue. 

Internally the fom rows of zooecia are arranged in two vertical series ; the 
cells gradually move outwards from the centre as they approach their apertures, 
and are replaced near the centre by new zooecia. There is no sign of any mesial 
plate. The zooecia are elongate and tubular, with rather pointed extremities. 
Hemisepta are not developed, and diaphragms occur extremely rarely, but may 
be developed in any part of the zooecia. The length of a single zooecium from 
the tip to the far side of the aperture is from 0 - 85 to 1 - 0 mm. on the midrib, and 
very slightly less on the branches. The apertures are elliptical, but may appear 
circular where they are cut at a deeper level. The zooecial walls are unusually 
thick — ^about 0-02 mm. Neither mesopores, acanthopores, nor vesicular 
tissue are developed. The reverse surface shows internally a number of poorly 
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defined longitudinal striae. The zooBcia shown in Text-figure Ih and i are 
those of the lower row on the midrib, which are more widely spaced than usual. 

Eemarks : This species resembles Qlav^onome disticha Goldfuss in its pinnate 
form, and in having the zocecia arranged in four rows, two on each side of a 
median carina, but differs in size, in its more regular branching, and in the 
coalescence of the ends of the lateral branches ; internally Olauconome disticha 
shows more numerous diaphragms. 
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Desoeiption op Plate V. 

Figure 1. — Semicoscinium vallatum sp. nov. Celluliferous surface of the holotype, x 10. 

Figure 2. — Pesnaatylus humei sp. nov. Celluliferous surface of a cotype (1445, Sydney University 
Collection). Natural size. 

Figure 3. — Penniretepora lobata sp. nov. Cast of the celluliferous surface of the holotype, x 10. 
Figure 4. — Pseudohomera retiformia sp. nov. Holotype. Natural size. 

Figure 6 . — Paevdohomera (?) retiformia sp. nov. Cast of the celluliferous surface of the holotype. 
X 10. 

Figure 6 . — Peanaatylua hurnei sp. nov. Cast of the celluliferous surface of a topotype (1447, 
Sydney University Collection), showing the infilling of the mouths of the zocecia. x 10. 
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Flax rust, caused by Melampsom Uni (Pers.) L6v., has long been known in 
Australia as a parasite attacking cultivated flax, Linum usitatissimum L. and 
L. marginale Cunn., an indigenous “ wild flax McAlpine> records its ooxjurrence 
as early as 1885, and states that it is present wherever flax is cultivated. 

The rust does considerable damage to seed production under epidemic 
conditions, but much lighter infections cause serioiis injury when the crop is 
grown for fibre. It is for the latter purpose that the present extension of the 
crop is taking place. Numerous reports of rust damage in varieties which are 
otherwise suitable for fibre production indicate that a programme for breeding 
for rust resistance will have to be carried out. For this to be successful a 
knowledge of the physiological specialisation shown by the pathogen is essential. 

Rust fungi frequently show extreme specialisation. Thus in th(* wheat 
stem-rust fungus more than 200 physiological races have been determined. 
Studies of the flax rust have been made extensively in U.S.A. by Hr. H. H. 
Flor of North Dakota, who has recorded 24 races of the fungus. He has developed 
a series of differential hosts to sort out physiological races, and kindly made 
seed available for use in these studies. During the past year Mr. W. W. Poggen- 
dorff and other officers of the N. S. Wales Department of Agriculture, together 
with other workers, have forwarded samples of rusted flax which have been 
used in the determinations. Our thanks are tendered to them. The technique 
adopted by Flor* has been followed, excepting that no provision was made for a 
constant light day of 16 hours. Normal hours of daylight have been used. 

One of the rusted samples included in the tests was obtained by Dr. E. T. 
Edwards on L. marginale growing near Bourke. The others all came from 
cultivated varieties of flax growing in the following localities : 

N. 8. Wales : Leeton (4 collections), Bourke and Macksville. 

V ietoria : J ind wick . 

8. Australia : Mount Gambier (2 collections). 

Ta^mavia : Ghudleigh. 

In addition to seed of the rust differentials Dr. Flor sent seed of “ Bison ”, 
a variety he has found to be susceptible to all the races known to him. At the 
outset of our work, an attempt was made to use it for the purpose of multiplying 
the inoculum that was present on the specimens submitted. In no case was any 
infection obtained. Actually several early collections that were sent in were 
lost through this failure. As a result the variety ” Phinjab ” is being used in 

1 McAlpine, D. : The Rusts of Australia, 1906, 344 pp., 55 plates. Grovt. Printer, Melbourne. 

* Flor, H. H. : Physiologic Specialization of Melampsora Uni on Linum usitatissimum. 
Jour, Agr, Research, 1936, 51, 819-839, pi. 1 
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place of “ Bison ” to supply the mother caltme from Fhich the differential 
varieties are inoculated. 

It is well known that environmental conditions — ^and particularly variations 
in temperature— cause changes in the rust reactions exhibited by particular 
differential hosts. This becomes a very important consideration in the deter- 
mination of physiological races. Flor reports that certain of his differential 
varieties were very sensitive to such changes ; one of them was “ Williston 
Brown ”. The variety “ Akmolinsk ” has shown a wide range of variation in 
our work ; the reactions have varied between type “ 1 ” and type “ 3 with 
chlorosis ”. In wheat stem-rust determinations this type of reaction would be 
styled “ 3®" ”, and would be indicative of host resistance. Flor® states that 
” attempts to differentiate too finely between degrees of resistance and suscept- 
ibility may lead to confusion and to a misunderstanding of results obtained at 
different localities or under variable conditions ”. Keeping this in mind we 
eliminate minor differences shown in our determinations, and consider that all 
the collections studied may be regarded as falling within the one physiological 
race. The typical reactions are as follows : 


Dijferential Variety. 

C.i. Number. 

Reaction. 

Buda . . 

270-1 

R 

Williston Golden 

25-1 

R 

Akmolinsk 

515-1 

SR 

J.W.S. 

708-1 

I 

Abyssinian 

701 

I 

Kenya 

709-1 

I 

Williston Brown 

803-1 

R 

“ Very pale blue crimped 

647-1 

I 

Ottawa 770 B 

355 

I 

Argentine 

462 

I 

Bombay 

42 

S 


The lettere signify the following reactions : 1, immune ; R, resistant ; SR, semi -resistant ; 
and S, susceptible. 


A comparison of these results with those recorded by Flor shows that this 
race is different from any listed by him. He corroborates this in personal 
correspondence about the results. Confirmatory evidence is available from two 
other sources. In the first place the variety “ Bison O.I. No. 389 ” has been 
immune in all our tests, although susceptible throughout the U.S.A. investiga- 
tions. Again, the variety “ Argentine C.I. No. 706-1 ” which was used in Flor’s 
earlier race determinations (ho. cit.) was supplied by him. In our tests it has 
been immune. He records reactions of 14 races on it. To only one, viz. race 10, 
was this variety immune. But the reactions of this race on other differentials 
of the group are quite different from those shown by our rust. 

Further work is in progress in which many other varieties of fiax are being 
used. Endeavours are also being made to see whether any race separations can 
be made from such varied reactions as those shown on “ Akmolinsk ”. As 
further collections become available they also will be studied for specialisation. 


Conclusion. 

Determinations of 10 collections of rust from widely separated areas in 
Australia have shown that one physiological race is present. This is different 
from any of the races recorded to date. 
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Desceiption op Plate VI. 

Fig. 1. — ^T^ical pot of flax seedluigB at stage when infection notes are taken. Heavy attack 
of rust on leaf and stem is present. Five-eighths natural size. 

Fig. 2. — ^Typical rust reactions on pairs of leaves showing : 

(а) Strong resistance of “ Buda ” indicated by hypersensitive flecks. 

(б) Semi-resistance of “ Akmolinsk ” in which scattered pustules occur in chlorotic 
and necrotic areas. 

(c) Susceptibility in “ Bombay ”, showing large confluent pustules and no chlorosis. 
Magnified 3 times. 



THE THIAMIN (VITAMIN CONTENT OF THE URINE OF 
TEJCH0SURU8 VULPECULA. 

By A. Bolliger, Ph.D., 
and V. E. Austin, m.Sc., b.v.Sc. 

{Manuscnpt received, August 19, 1941. Read, September 3, 1941.) 

In connexttion with physiological studies on Trichosurus vulpectila (Australian 
phalanger or possum) some evidence was forthcoming that the urine of this 
species contained comparatively large amounts of thiamin.”* This apparent 
but not fully substantiated “ thiaminuria ” immediately gave rise to a number 
of questions, such as the source of the vitamin Bj and whether or not it was 
manufactured in this animal’s body. Therefore an investigation was undertaken 
to establish the amount of tbiamin excreted in th(i urine of Trichosurm vulpeeula. 

Experimental. 

A. The Collection of Urine. 

The animals were placed in metabolism cages and twenty-four hour 
specimens of urine were collected in the usual manner in bot tles containing acid 
(1 C..C. 20% H 2 SO 4 ). As previously reported, frt^shly voided specimens from 
t.lu*se animals may readily be. obtained at almost, any time. They could be made 
to urinate by pix'ssure on t he bladder region, and in some cases they wtre found 
to micturate spontaneously on being picked up. However, no difference could 
be observed between the thiamin (iontent of freshly voided specimens and of 
specimens collected in the metabolism cage. The animals kept in metabolism 
cages were given prepared diets consisting of lucerne, leaves from certain trees 
or other food materials. 

B. Analytical Methods. 

(a) TMorhrome Method. The principle of this method, originally described 
by Jansen, lies in the transformation of vitamin Bj into its fluorescent derivative 
t.hiochrome by means of oxidation with alkaline ferricyanide. The fluorescent 
material is then extracted with butyl alcohol and the resulting solution com- 
pared with a similarly trcatx'd thiamin standard. 

Using t.h(^ technique described by Wang and Harris,*^* it was soon observed 
that, the thiochrome nu'thod M^as not entirely satisfac'.tory when applied to the 
analysis of the urine of the phalanger. For example, in spite of the fact that 
these urines required at least ten-fold dilution prior to assay on account of their 
high concentration of thiamin, interfering coloured and fluorescent substances 
often made comparison with the standard difficult. These substances frequently 
imparted to the butyl alcohol extract a greenish fluorescence in contrast to the 
blue fluorescence of the standard. For this reason the results could be expressed 
in increments of not less than 50 micrograms per 100 ml. 

Furthermore, it was found that certain substances with a blue fluorescence 
very similar to that of thiochrome were not extracted by butyl alcohol. The 
amount of unextracted blue fluorescence was frequently several times larger 
than that extracted by butyl alcohol (see Table I) and the question arose as to 
whether all of the thiochrome had been extracted or whether a considerable 
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part of it was unextractable from this specific medium. Finally, the Moreton 
Bay Fig leaves eaten by our phalangers produced a blue urinary tluorescence, 
which was as much as a thousand times stronger than that obtained by butyl 
alcohol extraction after oxidation with alkaline ferricyanide. Thus a debatable 
point arose concerning the extent to which tliis non-extrae.table fluorescence 
influenced the fluorescence due to thiochrome. 

A further complication was introduced by the fact that the urine of Tricho- 
surus vulpecula seems to possess oxidising properties which could apparently 
convert any thiamin present into thiochrome on the addition of sufficient alkali 
alone. Pre-treatment with potassium ferricyanide seemed unnecessary, but it 
was always added as a routine procedure. 

(b) Method of Melnick and Field. In these circumstances it was desirable 
to employ in addition to the thiochrome method another analytical procedure 
for the purpose of measuring the thiamin content of the urine of this marsupial. 
Accordingly, the highly specific method of Melnick and Field* was adopted. 
The principle of this method consists in the coupling of thiamin with 
diazotised p-aminoaceto-pheuone to give a purple-red eom])ound, wliich is 
insoluble in water but soluble in c(*rtain organic, solvents, such as xylene. 
The xylene solution is used for colorimetrh*. assay. Prior to this reaction tlie 
vit amin is removed from th(! uriiu“ by adsorption on zeolite* or by extraction with 
benzyl alcohol. The method was found to be quite suitable for determinations 
on the urine of TricMomrve vulpecula from which good n*covcries of added 
vitamin could be made. 


Findinoh. 

Some 25 urines obtained from four dillerent animals weref analysed by the 
method of Melnick and Field as well as by the thioehrome method. Seventeen 
of these urinc^s were 24-honr spe(*-imens. The results from these analyses an* 
listed in Table I. Tin*, former method gave values ranging from 255 to 1,()‘1U 
micrograms per 100 ml., the average rate of excretion being 720 micrograms per 
100 ml. In general the thiochrome method gave slightly lower results (varying 
from 350 to 1,300 micrograms per 100 ml.), particularly in urines with a high 
thiamin content. With this method the average (*xcre.tion was at the rate of 
650 micrograms per 100 ml. 

The average 24-hour output of thiamin as estimated on 17 urines by the 
method of Melnick and Field was found to be 515 nuerograms (range 371 to 
1,392 micrograms). With the thiochrome method tlu* average excretion over 
24 hours was 452 micrograms. 

.\s already pointed out, these animals w'heii under investigation w'(*r(* kept 
on a definite diet, the nature of which is indicated in Table I. The diet consisted 
of leaves from either the Moreton Bay Fig (Ficus ntacropJiylla), the (.’amphor 
Laurel (Cinnamomum camphora) or the Gum tree (Eucalyptus globulus), or of 
lucerne, or bran and pollard and bread. To our knowledge none of these foods 
is rich in vitamin Bj, and none produced any definite influence on the excretion 
rate of thiamin. In every instance the urinary excretion of thiamin was 
large, whether measured by the coupling or by the thiochrome method. It 
has thus been shown that a phalanger of about 1 to 2 kg. body weight excretes 
in 24 hours several times the amount excreted by a fully grown man. (The 
human excretion is reported by Harris et aU’’^ to be of the order of 35-105 micro- 
grams daily.) 

Besides man the thiamin excretion of the rat and the dog have been 
studied. **• In both cases it was only a small fraction of that found in the 
phalanger. 

In considering the source of the excreted thiamin one is compelled to 
assume its synthesis in the animal body to a considerable extent at least. This 
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Tablb I. 





Method : Melnick and 

Method : Thiochrome.* 




Field. 










Animal. 

Date. 

Diet. 



Butyl ale. 

Without 




Micrograms 

Mlcrograms 

Extraction. 

Extraction. 




per 

per 24 hrs. 

Micrograms 

Mlcrograms 




100 ml. 

Excretion. 

per 100 ml. 

per 100 ml. 

S57 

10/6/41 

Moreton Bay Fig. 

Bran and ’pollard. 

800 



300,000 

fe 

23/5/41 

1,051 



2/6/41 

400 




S57 

2/6/41 

700 




Pr2 

4/6/41 

Moreton Bay Fig. 

860 

604 

700 

500.000 

S57 

4/6/41 

660 

371 

600 

400,000 

Pr2 

5/6/41 

It II 

1,500 

1,295 

1,300 

400 

S57 

6/6/41 

t» »f i» 

843 

412 

400,000 

Sf)7 

6/6/41 

It I I II 

1,045 

1,392 

1,100 

Pr2 

7/6/41 

It It II 

439 

526 

500 


S57 

7/6/41 

Bran and pollard. 

265 

375 

500 


Q1 

19/6/41 

1,630 

1,136 



1,900 

R1 

6/7/41 

Lucerne. 

397 

900 

3,000 

Q1 

5/7/41 


1,164 

686 

800 

4,000 

R1 

6/7/41 


384 

424 

350 

1,550 

R] 

7/7/41 


604 

531 

400 

1,800 

Q1 

7/7/41 


443 

753 

450 

1,800 

Q1 

8/7/41 


1 732 

717 

600 

2,000 

R1 

9/7/41 


1 588 

588 

550 

1 1,560 

Q1 

9/7/41 

('arnpliof Laurel. 

764 

1,278 

600 

1,600 

R1 

10/7/41 

1,628 

870 

1,100 

2,600 

Q1 

10/7/41 

1,238 


1,000 


Q1 

12/7/41 

1 Eucalyptus. ” 

478 


600 


Ql 

16/7/41 

1,360 

546 

900 

2,600 

Pooled urine, bread, bran and 



pollard. 

3.50 





♦ As indicated in the text tin* tldocliroiiie method was carried out with and without the final butyl alcohol 
extraction. The last two colnnins in this tai)le contain the results from these two variations. 


is borne out. by the following example. Two animals were kept for five days on 
an average daily intake of 120 gms. of Moreton Bay Fig leaves which according 
to our analyses contained about 100 micrograms of thiamin per 100 gms. But 
over this period these animals had an average daily thiamin excretion of 714 
micrograms. A similar picture was obtained when the phalangers were kept on 
other food, and, without going further into this aspect on this occasion, we would 
like to stress our conclusion that this marsupial must manufacture considerable 
amounts of thiamin. 

A few determinations of the faecal excretion of thiamin indicated that this 
is small, as in other mammals, and amounts to only about 10% of that of urine. 

Summary. 

Urinary excretion of thiamin has been studied with the coupling method of 
Melnick and Field and the thiochrome method. For this particular case it would 
seem that the thiochrome method is of doubtful validity in view of the very 
considerable amount of fluorescence which is present in the urine as voided, or 
which appears on the addition of alkali. The nature of this fluorescence is as 
yet unknown, but we believe that it is mainly due to some substance other than 
thiochrome. With both methods the excretion was found to be large irrespective 
of the diet eaten by the animal, averaging about 600 micrograms per 24 hours. 

The amount of thiamin excreted relative to the amount of thiamin ingested 
with the food leads to the conclusion that the phalanger manufactures thiamin 
in its body. 

The Gordon Craig Eesearch Laboratory, 

Department of Surgery, and the 
Department of Veterinary Science, 

University of Sydney. 
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THE CHEMISTRY OP BIVALENT AND TRIVALENT RHODIUM. 


Part I. A Qualitative Study of the Effect of Reducing Agents 
ON Teivalent Rhodium Salts ; and the Properties of Some 

Rhodous Salts. 

By P. P. Dwyer, m.Sc., 
and R. S. Nyholm, b.Sc. 


(Manuicript received, August 19, 1941, Head, October 1, 1941.) 


Recently, attention was directed by Morgan and Burstall (“ Inorganic 
Chemistry — ^A Survey of Modern Developments ”, London, W. Heifer & Sons, 
1936, 230) to the surprisingly scant information available concerning bivalent 
rhodium compounds, of which six examples have been reported. The identity 
of three of these is extremely doubtful, and in the case of the latter three the 
rhodous compound appears to have been badly contaminated with the rhodic 
compound. 

The simple chloride EhClj and the oxide RhO have been reported by J. J. 
Berzelius (Phil. Mag., 1829, (2), 5, 396 et al.) as arising from the action of chlorine 
on rhodium and the pyrolysis of the sesquioxide, respectively. More recently 
L. Wohler and W. Muller (Zeit. anorg. Chem., 1926, 149, 126) reported the 
preparation of these two compounds admixed with the monovalent compounds 
RhCl and RhjO by the pyrolysis of the corresponding trivalent compounds at 
966-970°. The reddish brown RhClj was separated from the monovalent 
compound by levigation with carbon tetrachloride. The chloride or the oxide 
failed to dissolve in hydrochloric acid or water, and no other compounds could 
be prepared from either. According to J. J. Berzelius the chloride is greyish 
red, whilst the experience of the present authors is that it is almost black. 
Similarly, Berzelius (ibid.) reported the preparation of the sulphide as a steel-grey 
powder by either the pyrolysis of the sesquisulphide or the action of sulphur on 
rhodium. The compound was insoluble in all acids, whilst the experience of 
the present authors is that it is black, and soluble to a dark red solution in boiling 
concentrated hydrochloric acid. 

Seubert and Kobb4 (Ber., 1890, 23, 2668) isolated a yellow compound to 
which the formula 2RhS03 • 3Na2S03 . l^HgO was assigned. The existence of 
this compound as a rhodous salt was criticised by Reihlen and Huhn (Zeit. 
anorg. Chem., 1933, 214, 189), who showed that the substance was not oxidised 
by iodine, and was probably a basic rhodic sulphite associated with 2-4 molecules 
of sodium sulphite. Using various mixtures of sodium sulphite, sodium bi- 
sulphite, sodium sulphate, and bisulphate, these latter authors claimed 
to have isolated the following three compounds : Na4(Eh(S03)2 . SO*) ; 

Na6{Rh2(S03)4 . SO4) ; Na2(Rh(S03)2). The brownish yellow compounds were 
assigned the above formulae by the method of ratios, were insoluble in water and 
organic solvents, but dissolved in dilute hydrochloric, sulphuric and oxalic acids 
to golden coloured solutions. At higher concentrations of sulphuric acid they 
dissolved to a redder colour, evolving sulphur dioxide and forming presumably 
sodium rhodous sulphate. During this research it was noted that rhodous 
chloride and sulphate were very dark red, and hence it would appear that 
Reihlen and Huhn in reality isolated sodium rhodic sulphites possibly containing 
traces only of the rhodous compounds. 
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Experimental. 

The rhodium trichloride solutions used were prepared by solution of the pure metal in 
potassium bisulphate, precipitation of the oxide and solution in hydrochloric acid. The solution 
was 1 % concentration reckoned as rhodium metal, and was one normal with respect to hydro- 
chloric acid. 

The various reducing agents used were found to fall into the following five classes : 

Cldsa (1), Those that carry the reduction completely to the metal without €my indication 
of an intermediate rhodous stage, viz. chromous chloride in acid solution, alkaline solutions of 
formic acid, formaldehyde, hydrazine hydrate, and sodium hypophosphite, the metals copper, 
lead, antimony, bismuth and tin. At room temperature the metal was deposited slowly in 
brown colloidal form, but at boiling point as a black pulverulent precipitate. Mercury was 
without effect, as also was silver in the presence of chloride ion. In the presence of iodide ion at 
boiling point, silver gave a mixture of black rhodium triiodide and rhodium metal. 

Class (2). Those which under all conditions yield a mixture of rhodium metal and rhodous 
compounds, viz. sulphurous acid, formic acid, formaldehyde, and silver foil in the presence of 
bromide ion. No reaction was apparent at room temperature, but on boiling for some time the 
solution darkened considerably and simultaneously deposited a fine precipitate of rhodium metal. 
In w’^eakly acid or neutral solution, under the conditions stated by Reihlen and Huhn, sodium 
sulphite gave a pale yellow precipitate presumably of basic sodium rhodic sulphite, since it was 
readily soluble in dilute hydrochloric acid to pale orange yellow solutions. 

On boiling for two to three hours the basic sulphite precipitate darkened slightly, and then 
dissolved in hydrochloric acid to a somewhat reddish solution. 

Under the latter conditions it would appear that slight reduction to the rhodous state occurred 
on the surface of the granules. 

Class (3). The reducing agents of this group may form some rhodium metal, but chiefly 
dark intensely red solutions of complex rhodous compounds, viz. hypophosphorous acid, sodium 
hydrosulphite, and sodium formaldehyde sulphoxylate (“ Rongalite *’). 

The reaction with hypophosphorous acid was autocatalytic. No reaction occurred at room 
temperature, but at the boiling point of the mixture, the solution commenced to darken after 
about 30 seconds, and then, almost instantly the solution became very dark red. With an amount 
of reducing agent corresponding to the theoretical equation 

H 3 PO 2 + 4RhCl3 -f 2 H 2 O + 4RhCl2 f 4HC1 

the reduction occupied 7-8 minutes at 102° C., but appreciable amounts of rhodium were deposited 
as metal. With double this amount of reducing agent the reaction was complete in 2-3 minutes 
at 100° C. An intensely dark red solution resulted, traces only of metal were deposited, and a 
gas identified as hydrogen was evolved. With an extremely large excess of reducing agent over 
the latter conditions, the reaction was complete almost instantly at 100 °, large volumes of 
hydrogen gas were evolved, and the dark red solution deposited no rhodium metal even after 
8 minutes at 102° C. Proof of the reduction of rhodium to the bivalent state in the above reactions 
has been afforded by the isolation of analytically pure specimens of tris-diphenylmethylarsine 
rhodous halides by treating rhodium trihalides with the arsine, the corresponding halogen acid, 
and hypophosphorous acid. Those compounds will bo described in a subsequent communication. 
Curiously enough, addition of the arsine and a halogen acid to solutions of rhodium trichloride 
previously reduced with hypophosphorous acid gave only very small amounts of tris-diphenyl- 
methylarsine rhodous halide. This suggested that the rhodium after reduction with hypo- 
phosphorous a4>id was bound in some form of a complex. This view was supported by the failure 
to prepare derivatives of bivalent rhodium by the addition of 8 -hydroxy quinoline or ethylene - 
diamine bis-salioyaldehyde. Similarly, the simple sulphide RhS could not be prepared by passage 
of hydrogen sulphide except under such conditions of acidity that much rhodous phosphate or 
phosphite was co -precipitated. 

By using alkaline sodium h 3 rpophosphite and alkali rhodicyanide, Manchot and Schmid 
(Her., 1931, 63b, 1872) obtained a colourless solution with strong reducing properties, which 
were attributed to monovalent rhodium present as Na 2 Rh(CN)a. It was found that the reaction 
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could be performed easily, but on acidification a very dark red solution resulted. Since this 
colour was found to be characteristic of bivalent rhodium compounds, it would appear that the 
substance prepared by Manchot and Schmid was probably Na 4 Rh(CN)e containing bivalent 
rhodium and analogous to sodium cobaltocyanide. Some indications of monovalent rhodium 
were noted in the reductions performed with hypophosphorous acid. With an excess of the 
reducing agent, and heating to 100'’ until a violent evolution of hydrogen gas commenced, followed 
by rapid cooling in ice, a brownish yellow solution resulted which acted as an extremely powerful 
reducing agent. This solution probably contained monovalent rhodium and the evolution of 
hydrogen gas is due, it is suggested, to reaction between the mineral acid and the monovalent 
rhodium salt, which thereby passes to the bivalent state 

2RhCl-|- 2HCl->2RhCla-f Hj. 

In hot hydrochloric acid, Asmanow (Z. anorg, Chem., 1927, 160, 209) has noted that solutions 
of chromous chloride are oxidised to chromic chloride with the evolution of hydrogen gas. 

Finally, it was noted that the reduction with hypophorous acid was catalysed by traces of 
copper of the order of 1%, but seemed to be inhibited by larger amounts of the order of 5% of 
the rhodium being used. The reduction was also inhibited by concentrated mineral acids. 

In hydrochloric acid solution from IN to 5 N rhodium trichloride was reduced instantly 
at room temperature by sodium hydrosulphite to an intense red colour recalling the colour of 
concentrated ferric thiocyanate. Instantly at lOO'* and slowly at room temperature, the reduction 
proceeded to the metal. The reaction could be performed on sodium rhodite at 80° but the 
resultant precipitate which was dark brown, was only partly soluble in acid, and was contaminated 
with rhodium metal. The dark red solution appeared to contain a complex sodium rhodous 
sulphite, which could be precipitated with alcohol, but no simple derivatives such as the sulphide 
or the 8-hydroxyquinolate could bo prepared from it. 

Sodium formaldehyde sulphoxylate even when present in large excess reduced rhodium 
trichloride at 40° C. to an intense ruby red coloured solution. Addition of alcohol precipitated 
a dark red powder, which was completely soluble in water, contained sodium, rhodium, formal- 
dehyde and sulphite, and was decomposed by iodine, or hydrogen peroxide. No simple rhodous 
salts could be prepared from this complex. 

Further investigation on the reducing agents in this group is proceeding. 

Class {4), Those that carry the reduction to the rhodous state only, but owing to the slow 
rate are impracticable except in inert atmospheres, viz. acid solutions of hydroxylamine chloride 
or sulphate, and the corresponding hydrazine salts. The reduction was found to occur only at 
boiling point, and was catalysed by a trace of cupric chloride, which was apparently reduced 
instantly to the cuprous state and then acted as the reducing agent for the rhodium. Curiously 
enough hydroxylamine hydrate failed to reduce sodium rhodite at 100°, the resulting yellow 
precipitate of rhodium sesquioxide containing no trace of either rhodium metal or rhodous oxide. 

Solutions of cuprous chloride are well known for the reduction of chloroplatinates to chloro- 
platinites. With rhodium trichloride the reduction to the rhodous state did not proceed beyond 
about 20%, and it is suggested that the reaction 

RhCla + CuCl->RhCla -i- CuClj 

rapidly reaches an equilibrium — i.e. that the oxidation -reduction potential of the reaction 
Rh®+ Rb*'*’ is of the same order as that of the reetction Cu*+-fe->Cu+ (0*21 volts). This 
observation is supported by the fact that solutions of rhodous chloride prepared by another 
method only partly reduced oupric chloride solution, and by the failure of the arsine stabilised 
rhodous halides to yield more them a trace of cuprous chloride by reaction with alcoholic cupric 
chloride solution. The copper salt catalysed reaction with hydroxylamine hydrochloride 
apparently depended upon the continuous reduction of oupric ions preventing their accumulation 
in the solution. 

Class (5). Those that carry the reduction completely to the rhodous state without complex 
formation or the production of any rhodium metal, viz. stannous chloride and sodium stcumite. 
According to J. J. Berzelius {loc, cit.), addition of stiuuious chloride to rhodium trichloride solution 
yielded a pale yellow precipitate easily soluble in excess acid to a yellow solution. N. W. Fischer 
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(Schweigger^s Joum,^ 1889, 55, 117, 173) claimed that a yellow or brown precipitate or a brown 
solution resulted depending on the acid concentration. More recently, W. Singleton (Ind, Chemist, 
1927, 3, 121) advanced the reaction as a test for rhodium. At boiling point it was claimed that a 
brown colloidal solution resulted, and ultimately a fine crimson colour recalling Purple of Cassius. 

It has now been found that addition of weakly acid stannous chloride to almost neutral 
rhodium trichloride solution gave a fine yellow precipitate instantly at room temperature. At 
100° for a few seconds, the precipitation was complete, and the residual solution was found to be 
free of rhodium and almost free of tin. The precipitate varied in colour from yellow to orange, 
and conformed to no fixed composition. The same types of precipitate could be prepared by the 
addition of stannous hydroxy -chloride to almost neutral rhodium trichloride. The substance 
was freely soluble in hydrochloric acid to orange yellow solutions, and consisted undoubtedly 
of mixtures of basic stannous and rhodic chloride. When the mixed basic salts were heated with 
water at 100° for fifteen minutes, the colour darkened considerably, and the precipitate then 
dissolved in hydrochloric acid to a dark red solution. Addition of sodium sulphate to this 
solution at boiling point precipitated some of the tin as stannic oxide, hence it is concluded that 
the dark precipitate consisted of a mixture of the basic salts of rhodous, rhodic, stannous and 
stannic chlorides. 

In hydrochloric acid solution above a concentration of 2 N mixtures of stannous and rhodic 
chloride gave no precipitate on boiling, but after a few minutes the colour darkened, changing 
at the end of four minutes to an intense red. No metal was deposited, and there was no evitlence 
to suggest that any metal was in the colloidal form. By the addition of tertiary arsines to the 
red solution, it has been possible to prepare pure specimens of the compounds KhCla . SAsHg, and 
KhCla . SnCl 2 • SAsRg, which will be described in a subsequent communication. 

At room temperature sodium stannito was without effect on sodium rhodite but at 70-80° 
the colour changed to dark red and a dark red precipitate of indefinite composition consisting of 
rhodous hydroxide, stannic hydroxide and sodium stannate was deposited. At boiling point 
this precipitate changed in colour to almost black, due it is considered to the decomposition of 
the rhodous hydroxide to the hydrated oxide. Both the dark red and the black precipitate were 
soluble in hydrochloric acid to dark red solutions. 

NaaSnOa + 2NaRh02 - SHaO-^NaaSnOg -f 2NaOH -f 2Rh(OH)a 
Rh(OH)2->RhO-fH20 

All attempts to free the above preparations from tin salts have failed. Tests on samples of 
rhodous hydroxide and oxide after ten washings with hot caustic soda in an apparatus filled with 
nitrogen, showed them still to be contaminated with stannic tin. Since stannic sulphide normally 
does not precipitate in hydrochloric acid solution above 0 • 5 N, attempts were made to prepare 
pure rhodous sulphide by passage of hydrogen sulphide through solutions of rhodous hydroxide 
in 8 N hydrochloric acid. Stannic sulphide, however, was co -precipitated. This behaviour 
recalls the co -precipitation of cadmium sulphide with mercuric sulphide in strongly acid solution, 
in which cadmium sulphide alone would fail to precipitate. (Feigl, Mikrochem., 1923, i, 4.) 

The Properties of Some Rhodous Salts. 

Despite the imforttmate contamination with tin, it is considered valuable to indicate some of 
the properties of a few simple rhodous salts. The salts were prepared from rhodous hydroxide 
after ten washings with hot normal caustic soda, and contained approximately 10% tin as the 
stannic salt. 

Rhodous chloride was a black hygroscopic solid, and contained water of crystallisation. 
It was hydrolysed instantly by water, yielding an orange basic salt, but dissolved in hydrochloric 
acid to a dark red solution, which absorbed oxygen from the air with a progressive decrease in 
colour. Solutions of mercuric chloride were reduced slowly at room temperature to mercurous 
chloride, but instantly at boiling point to black mercury. Cupric chloride was only partly reduced 
at boiling point. Nitric acid oxidised rhodous chloride on warming, but hydrogen peroxide and 
potassium permanganate instantly at room temperature. On prolonged boiling in an inert 
atmosphere solutions of rhodous chloride imderwent self oxidation and reduction with lightening 
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of colour and the separation of metallic rhodium. Addition of sodium, potassium, ammonium 
or rubidium chlorides failed to precipitate a complex chloride. 

Rhodous bromide and iodide were soluble salts similar to the chloride although darker in 
colour. Rhodous iodide was extremely soluble in water to an intense purple solution, which 
rapidly oxidised in the air with the separation of the black insoluble rhodic iodide. Rhodous 
oxide and hydroxide were not so sensitive to oxidation as the chloride, but showed no amphoteric 
properties like the corresponding rhodic compounds. 

Rhodous sulphide was precipitated from solutions of the chloride by passage of hydrogen 
sulphide in acid concentrations up to 8 N. The black flocculent precipitate was dark reddish 
brown by transmitted light, but settled to a fine black precipitate on heating for a few minutes at 
100*^ C. It was insoluble in ammonium sulphide, but dissolved slowly in boiling concentrated 
hydrochloric acid to a dark red solution with the evolution of minute bubbles of hydrogen 
sulphide. The substance was easily soluble in dilute hydrochloric acid in the presence of a 
minute trace of nitric acid, but with higher concentrations of nitric acid the orange rhodic chloride 
was formed. 

Department of Chemistry, 

Sydney Technical College. 
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Paet II, Hexacovalent Complexes of Rhodous Halides with 
Diphenylmethylarsine. 

By F. P. Dwyer, m.Sc., 
and E. S. Nyholm, b.So. 

{Manuscript received, August 19, 194L Read, September 3, 1941.) 

In the previous paper (This Journal, 1941, 122) evidence was adduced to 
show that trivalent rhodium salts were capable of reduction to the bivalent 
rhodous state by a variety of reducing agents, but owing to the difficulty of 
purffication of the reduced products, no analytically pure compounds could be 
isolated. In accordance with the well accepted principle that unstable valency 
states might be stabilised by suitable coordinating groups, a great number of 
substances were tested including 8 hydroxyquinoline, thiourea, ethyhme- 
thiourea, thioglycollic acid, dithiooxamide, and a number of tertiary arsines. 
Although evidence was obtained of complex formation in all cases, the latter 
series of substances proved the most suitable. These latter compounds have 
been studied extensively by Burrows and his co-work(TS (Tins Jocrnai., 1940, 
74, M 14), have been found to coordinate readily with a great variety of metallic 
salts, and further possess the excellent property of bemg mild reducing agents 
because of the tendcuicy of trivalent. arscmic to pass to the tetracovalent state. 
For instance, cupric, chloride is reduced to cuprous chloridif, which may be 
isolated as complex with the excess tertiary arsine (Burrows and Sandford, 
ibid., 1935, 69, 182). 

When rhodium trichloride is heated with a tertiary arsine in alcoholic 
solution, the arsine coordinates fairly slowly and soluble rhodic coordinated 
compounds may be isolated in which the metal exhibits a coordination number 
of six. Even on continued boiling with alcohol these rhodic compounds, which 
will be described in detail in a subsequent paper, show no tendency to undergo 
reduction. However, they may be easily reduced with hypophosphorous acid 
in strongly acid solution and the insoluble rhodous complexes isolated in crystal- 
line form. Curiously enough, if a rhodic salt such as rhodic chloride is previously 
reduced with hypophosphorous acid and the arsine then added in the presence 
of a large excess of concentrated hydrochloric acid, there is no evidence of 
complex formation and the arsine may be recovered unchanged. This effect is 
due no doubt to the formation of a stable rhodous hypophosphite complex, 
which is unaffected by even concentrated hydrochloric acid. 

The arsine compoimds described in this paper are coloured crystalline solids, 
with sharp melting points. The colour darkens progressively as the compounds 
pass from chloride to iodide. They are insoluble in water, and ionising solvents 
such as alcohol, and yield no precipitate of the silver halide on treatment with 
silver salts. This latter fact coupled with their relatively low melting points, 
and ready solubility in organic solvents such as chloroform or benzene, suggest 
that they are completely covalent. They possess the general formula 
Rh . X 2 . 3((CeH6)20h3As) and are dimeric in boiling chloroform. In the pro- 
posed structure (I) the rhodous metal is given a coordination number of six, 
and the molecule is bridged by chlorine atoms in the well-known manner of 
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aluminium chloride, and the compounds of cuprous and cupric chlorides, and 
palladous chloride with tertiary arsines and phosphines. 



Tria-diphenylmethylarsine Rhodom Chloride. Rhodium trichloride 0* 13 g. dissolved in water 
20 mis., was treated with diphenyl methyl arsine 0-9 g. dissolved in ethyl alcohol 120 mleu, and 
concentrated hydrochloric acid 15 mis., and 30% hypophosphorous acid 1*5 mis. added. The 
mixture was refluxed until at the end of 40 minutes the bumping due to the precipitation of solid 
became very violent. After cooling, the brown crystalline precipitate was removed, washed 
with alcohol and water several times, and dried in the steam oven at 100° C. The compound 
may be crystallised from hot benzene. It crystallised in leaflets and rhombs, and by reason of 
the square twimiing the crystals belong probably to the rhombic system. On heating the substance 
melted sharply at 171° to a black liquid which then evolved arsine and left a black or silvery 
residue of rhodium. The compound was insoluble in water and alcohol, very sparingly soluble 
in hot acetone, but easily soluble in warm benzene and chloroform to a red solution. In acetone 
or pyridine, the compound reduced silver nitrate to the metal, almost quantitatively, and mercuric 
chloride to mercurous chloride. In cold pyridine the reduction of silver nitrate was instantaneous 
(even in boiling acetone the arsine itself does not reduce silver nitrate). 

The compound was stable to boiling concentrated hydrochloric acid, and cold caustic alkali, 
but the latter reagent at 100 ° liberated the arsine and left a black tarry residue. 

The substance was analysed for rhodium by ignition, slowly at first to remove arsine, then 
at bright red heat in an oxidising atmosphere, and finally in a reducing atmosphere. This latter 
condition was easily realised by fitting the crucible with an oversize lid. The residue of metallic 
rhodium was always a bright silvery colour. The halogen was estimated by distillation of the 
compound with concentrated sulphuric acid, and absorption of tho acid in standard silver nitrate 
solution. This method, which will be described later in detail, was checked by estimation of the 
halogen by the method of Burrows and Lonch (This Journal, 1936, 70^ 218). 

Found : Rh, 11*28% ; Cl, 7*68% ; mol. wt. (Chloroform, ebullioscopic), 2030, 1597. 

Calculated for [RhClj . 3 (CeH 5)2 . CHg . A 8)]2 : Rh, 11*35% ; Cl, 7*83 ; mol. wt., 1812. 

(After boiling with chloroform for some time a slight precipitate separated, due no doubt 
to oxidation. This probably accounts for the lower molecular weight in the second determination. ) 

Tris-diphenylmethylarsine Rhodoua Bromide. A solution of rhodium trichloride containing 
0*216 g. of rhodium was treated with excess of sodium carbonate, and boiled for some time to 
precipitate the hydroxide completely. The yellow precipitate after washing was dissolved in 
15 mis. of 10 N hydrobromic acid, and diphenylmethylarsine 1 *52 g., alcohol 150 mis. and hypo- 
phosphorous acid (30%) 1*5 mis. added. After refluxing as before, the solution darkened at the 
end of tliree minutes, and the compound commenced to precipitate. The reaction was complete 
in sixteen minutes. The reddish brown leaflets melted at 180° C., and were insoluble in alcohol, 
very sparingly soluble in hot acetone, but easily soluble in hot chloroform to a red solution. 
As before, silver nitrate solution was reduced to metallic silver. 

Found: Rh, 10*27%; Br, 16*03%. 

Calculated for [RhBrg . 3(CeH6)8 . CHa . As)]a : Rh, 10*34%; Br, 16*06%. 

Trie -diphenylmethylarsine Rhodous Iodide. Owing to the insolubility of rhodium triiodide 
in water, the method used for the preparation of the bromide was not available. A solution of 
rhodium trichloride containing 0*0864 g. of rhodium dissolved in 10 mis. of water was treated 
with 10 mis. of 64% hydriodic acid, previously just decolorised with hypophosphorous acid, and 
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immediately with 0*76 g. of diphenylmethyl arsine dissolved in 100 mis. of ethyl alcohol. The 
resulting dark solution of tris-diphonylmethylarsine rhodic iodide was then reduced by refluxing 
with 1 • 5 mis. of 30% hypophosphorous acid. At the end of 30 minutes the dark brownish 
red precipitate was removed. The substance, like the chloride and the bromide, crystallised in 
leaflets, m.p. 168° C., and was insoluble in water and alcohol, but dissolved easily in chloroform 
to a dark red solution. A suspension in hot acetone rapidly reduced silver nitrate to the metal. 

Found: Kh, 9-34%. 

Calculated for [Hhl^ . . CH, . As)], : Rh, 9-45%. 

Summary. 

The preparation of thrcM^. rliodous halides stabilised with diphenylmethyl- 
arsine is described. The compounds are shown to be dimeric and to act as 
powerful reducing agents. 
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RADIAL HEAT PLOW IN CIBCULAE CYLINDERS WITH A 
GENERAL BOUNDARY CONDITION. II. 


By J. C. Jaeoeb, m.a., d.Sc. 

(Communioated by Professor H. S. Carslaw.) 

{Manuicript received, Augutt 1, 1941. Read, October 1, 1941.) 

1. In these Proceedings^ a number of results were given on conduction of 
heat in regions bounded internally or externally by circular cylinders with 
boundary condition 

( 1 ) 

at a surface. The solutions were obtained by a formal method using the Laplace 
transformation and it was remarked that it could be verified by a procedure 
previously developed elsewhere* that they did in fact satisfy the differential 
equations and boundary and initial conditions of their problems. The verifica- 
tion procedure described in II is applicable to a wide range of one-variable 
problems in conduction of heat, and, since only some special problems of those in 
III were verified, it seems worth while indicating that the complete set of results 
obtained in I may be verified in this way. These include most of the results of 
III as special cases. 

In §§2, 3, 4 three results on the nature of the roots of certain equations 
involving Bessel functions, which were stated without proof in I and are of 
intrinsic interest, will be proved for a set of conditions including those of physical 
interest in I. 

2. The Roots of the Equation.^ 

(1a^—m)Jo{z)+nzJi{z)=0 (2) 

where 1, m, n are real constants, are all real and simple {except possibly for z =0) 
provided 

l>0, OT>0, »>0 (3) 

In (2) we may without loss of generality take l>0 and if l—O we take m >0. 
This convention is implied, here and subsequently, in stating results such as 
(3), (6) and (8). 

If some of I, m, n vanish the equation (2) reduces to a simpler form. If 
I =j» =0 the result is well known. If n =0 the equation becomes (te* —m)J^{z) =*, 
which if Z>0, m>0, may have double roots at ±(w/l)*, if (m/Z)* is equal to a 
root of Jo(a)=0. 

(i) A pure imaginary root z—iy of (2) is a real zero of 

(Zy*-l-w)io(y)+»yJi(y) (4) 

Now Jo(y) and are both positive for real positive y, so the expression (4) 
is certainly always positive if y>0 and conditions (3) are satisfied. Thus (4) 
has no real positive zero, and since it is an even function it has no real negative 

^ Joum, and Proc. Roy. Soo. N.S.W., 1940, 74, 342. This paper will be referred to as 1. 

*Proc, Cambridge Phil. Soc., 1939, 35, 394. Proc. London Math. Soc., 1940, 46, 361. These 
papers will be referred to as II and III, respectively. 

>This is I (13). 
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zero. If the conditions (3) are not satisfied there may be no, one, or two real 
positive zeros of (4), 

(ii) The equation (2) has no complex roots if the conditions (3) are satisfied. 
For if 5 and tj be conjugate complex roots of (2), we have 

ll7)^—m)Jo{ri) = 0 . 

Thus 

= 0 . 

Therefore* 


1(7)* — o(^)'^ o(>j) +»(•»}’“ ^ "=0- 


If 1>0, n>0 this is impossible, so there can be no complex root. 

(ui) The equation (2) has no repeated roots, except possibly z~0, if the 
conditions (3) are satisfied. For writing® 

y={lz^—m)J o(2) 

we find 


o(«) =-«{(21 o*(2') +nJ^^(z)}. 


Thus if *^0, 1>0, w>0, y and 


^ cannot vanish simultaneously. 


3. The expression* 

(lz^+in)Ko(z)—nzKi{z) (5) 

has no zeros for R(z)>0, provide 

1>0, w>0, «<0 (G) 


As in §2 we take i>0, and if 1—0, m>0. If 1— m— 0 the result is well 
known. If «=0, 1>0, m>0 there are zeros at -±i{ni/l)i. 

(i) The expression (6) has no zeros for real positive z if the conditions (6) 
are satisfied, since jEro(z)>0, Ki{z)>0, for real positive z. 

(ii) The expression (5) has no complex zero For if v) is the conjugate 
of using the argument of §2 (ii) with G. and M., p, 70 (30), we have 

(^* o(7)) — «(^* -7)*) xK o{lx)E o{r)X)dx =0, 

and if 1>0, n<0 we have a contradiction. 

(iii) The expression (5) has no pure imaginary zero z—iy, for this implies 

(ly*-w)[J o(y) -iY o(y) ] -ny[J\(y) -tF'cljl)] =0. 

It follows that 

J o(y)7'o(y) -Yo{y)J'o(y) =o, 

but this is equal to (2/Tzy) and so we have a contradiction. 

4. The Zeros op 

F{z) = [{lz*—m)Jf^(az) +nzJ i{az)][{l'z^ —m’)Y Q{bz) -i-n'zY i{bz)] 

— [{l's^—m')Jo(bz)+n'zJi(bz)][{lz^—m)Yf,{az)+nzYi{aa)] (7) 

are all real and simple {except possibly for z=0), provided 

l>0, l'>0, m>0, m'>0, w<0, «.'>0 (8) 


* Ueing Gray and Mathews, Treatise on Bessel Functions, p. 69 (23). This work will be 
referred to as G. and M. 

* I am indebted to a referee for this argument. 

* This result is needed in I, §§5 and 6. 

’ This is I (30). 
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We suppose 6 >a in the discussion. The cases in which n or n' vanish are 
discussed in (iv) below. 

(i) A pure imaginary zero of (7) is a real positive zero of 

[(ly» +m)2o{ay) ->tm')K^(hy) -n'yK^^hy)} 

which may be written 

(ly* +OT)(ry» +m') [Io(ay)Ko(by) -A'„{ay)Io(6y)] 

-nny tIi(oy)Jfi(6y) -Ki(ay)Ii{by)] 
+ny(lY+m'){Ii{ay)Ko(by)+Ei{ay)Io(by)] 

-n'y(,ly»-Hn)lIo(ay)Ki(by)+Ii{by)Ko{ay)] (10) 

It is known that In{ay)Kn(by)—In(f>y)Kn(ay), n=0 and 1, have no real 
positive zeros. Taking b>a, it follows from the asymptotic expansions that 
they are negative for real positive y. Also Io(®)> ar® aU 

positive for real positive x. Thus if the conditions (8) are satisfied, all four 
terms of (10) are <0 for real positive y and thus there is no real positive zero 
of (9). 


(ii) Suppose a is a zero of (7), then 

U = [(la* —m)Y o(oa) 4-«ari(oa)]Jo(ar) — [(la* —m)J o(aa) +noiJ j(oa)]r ,(ar) 
is a non-zero solution of the differential equation 



with boundary conditions 

(la?—in)U—n^=0, r=a ) 

du r 

(l'a*-m')Cr-n'^^=0, r=b ) 

Also, for any 

F=[(lp*-m)ro(oP)+npri(op)]Jo(Pr)-[(ip*-m)Jo(ap)-fnpj'i(ap)]roOr) 

satisfies 

' sf' f “<-•<» 

dV 

with (ip*— »»)F— n^=0, r—a (14) 

From (11) and (13) it follows that 

(.>-?•) J‘rFrdr+[rFt?-rl7^j*.0, 

and hence, using (12), (14) and the notation (7), we have 

(«*-P*)| I rC^Fdr-f-^[f7F] - 1 =^jF’(p)[jr] 

iJa r=b " r=aj ” r=6 

(16) 

Suppose a is a complex zero of (7) and p its conjugate. Then F(P)=:0, 
and (15) becomes 

(«*-p*)| Pr 1 U l*dr-h^ 1 (7 I* - ^ I 17 1* j =0. 
tJa ” r=b ” r=aj 

Thus if i>0, V>0, »<0, n'>0 we have a contradiction, and no complex 
root is possible. 

(iii) To show that (7) has no repeated zeros, let a be a zero (real) of (7) 
and let p be real and tend to a. Then as p->-a, F-^I7 and F(P)/(p— a)->F'(a). 
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ThBB (15) gires 

2a| PrI7*dr+^[t7*] - ^[U‘] | = -V(a)[l^] 

tja f=b “ r—aj ^ r=b 

If a is a repeated zero of (7), F'{a.)=0. Thus if and the conditions (8) 
are satisfied, we have a contra^otion. 

(iv) If tt=0, i'>0, ot'> 0, »'>0 we have 

F{z)={ls^—in)0{z), 

G(z) =J ^{az) [(i'z® —m')Y ^{bz) +n'zY i{bz) ] 

— Yo(flw;) [(r«* —m')J ^(bz) -i-n’zj ^(bz)]. 

The method of (ii) and (iii) may be used to show that the zeros of Q(z) are 
all real and simple. If (m/Z)* is equal to a zero of 0(z), F(z) will have double 
zeros at ±(»»/Z)*. A similar result holds for the case n'=0, Z>0, m>0, «<0. 
If n—n'—O, we have 

F(z) —(Iz^ —m){l’z^ —m')Cf,(az, bz) 
where Co(o«, bz)=J ,^{az)Y ^{bz)—Y o(a«)J o(bz). 

The zeros of Co(az, bz) are known to be all real and simple. F{z) has a 
repeated zero if (m/Z)* or coincides with one of them. 

5. The method of solution used in I consisted of forming from the original 
differential equation and boundary conditions a subsidiary equation and 
boundary conditions, from the solution v{p) of which the solution v(t) of the 
original problem was derived formally by the use of the inversion theorem, 
namely 

I e^(k)dk, (16) 

^^Jy—ioo 

and the solution was obtained in its final form from the line integral in (16) 
by using the contour of Fig. 1 or Fig. 2. To make the solutions rigorous we 




Fig. 1. 


Fig. 2. 
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verify (a) that v(t) given by (16) satisfies the conditions of the problem, and 
(b) that the integrals over the large circles of Figs. 1 and 2 tend to zero 
as the raditts tends to infinity. 


6. The method of verifying that solutions obtained in the form (16) satisfy 
their differential equations and initial and boundary conditions consists of 
transforming the path L, (y— too, y+too), of (16) into a pathZ' which begins 
at infinity in the direction argX=— TC>^>i7c, keeps ail singularities of the 
integrand to the left and ends in the direction argX=p. The verification is then 
performed on the integrals over L'. Most of the verification is performed by the 
use of Theorem 2 of II, which is restated here for convenience and to include 
two small extensions proved as ia II. 


THEOREM 2. If f(X, ^) is an analytic function of X on and to the right of 
tile path L', and if 

1/(X, ^)i<Oi2k exp[-im cos 46], 

when X=Re±‘6, 7t>6o>0>O, E>Eo, where C, k<l, Eq, and 6o>47t are constants, 
then 

(i) e^%, 5)^= f’ 

provided that either t>0, ^>0, or t>0, ^>0. 

(ii) e^*f(K, 

is uniformly convergent with respect to t t>0 for fixed ^>0, and with respect to 
^ in $>0 for fixed t>0. Also the integral may be differentiated under the integral 
sign with respect to t in t>0 for fixed ^>0, or in t>to>0 for fixed ^>0, and 
the resulting integral is uniformly convergent with respect to | in ^>0, for fixed 
t>0. 

(iii) Urn r e^%, ^)y= 0, for fixed i>0. 

t^o Jl ' ^ 


(iv) If, in addition, and satisfy conditions of the type satisfied 

by /(X, ^) except that k need not be less than 1, then 

JX/ x/\ c \dX 

may be differentiated twice under the integral sign with respect to in ^>0, for 
fixed t>0. 


(v) If the range of ^ extends to infinity. 

Urn f 6^*f{X, 5)^=0, 

5-^00 Jl ' ^ 

for fixed t>0. 

Proof of (v) is as for the special case in Paper II. 

In §§7, 8, 9 verifications of the solutions of §§2 and 6 of I and the source 
problem of I, §3 are given in detail. The results of I, §4 and the other source 
problems of I may be treated in the same way. 
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7. Verification that I (11) satisfies the conditions of I, §2. 

We write /(X)=(fciX+*3)Io({JW»)+*s(i^i(|Aa) (17) 

where 

From the asymptotic expansions of the Bessel functions it follows that 

when X=xpe»0, 7c>6o>6>0 (18) 

|/(X) I >Cpa eipfap* cos JO], if p>p8 (19) 

where* a is 3/4, 1/4, or —1/4 according as ; *1=0, ; or ki=k^=0 ; 

respectively. 

Also since | |<exp | R{z) | (20) 

we have, when X has the value (18), 

I RC' exp [rp* cos 10 ]. 

<Cp-« exp [— (o— r)pi cos JO], p>po» 0 <r<o ( 21 ) 

where a has the values 3/4, 1/4 or —1/4. 

The derivatives with respect to r of the left-hand side of (21) satisfy similar 
inequalities. Thus for all values of the k the integrand of I (11) satisfies the 
conditions of Theorem 2 (these are taken, here and subsequently, to include those 
of Theorem 2 (iv)). It follows immediately from the Theorem that 


7<i(ny) 

m 


J e^h^r)dk 
L' ■ V{X) ' 


, when <>0, 0<r<a 


or <>0, 0<r<a, 

that lint i>=0, for fixed r in 0 <r< a, and that v satisfies its differential equation. 


t~^o 


To verify the boundary condition I (4) we take v in the form (22) and observe 
that by Theorem 2 (ii) we may differentiate under the integral sign with respect 
to r in 0<r<a for fixed t>0, and with respect to t in t><o>0 for fixed r in 
0<r»:;a. Thus 

dv .,dv , „ „ *4 r e^^{fciX-ffc 3 )Io((i.r)-ffc 2 (xIi(p.r)}dX 

‘ ~ \fCk) ' 

and by (ii) and (iv) of Theorem 2 this integral is uniformly convergent with 
respect to r in 0<r<a for fixed <>0. Thus 




, 

-r =*'•■ 


8. Verification that I (36) satisfies the conditions of I, §5. 


Writing g(h)={ki}^+k 3 )Ko{[M)—kziiKi{yM) (23) 

we find as in §7 that for X=xpe»’0, 7c>6>0, 

<C'p* exp'[-(r-o)pi cos ^9], p>po (24) 


where a = — 1, — or 0 according as ki^O ; ki=^0, k^^O; or ki=k 2 = 0 , 
respectively. The derivatives satisfy similar conditions. 

Thus in all cases the conditions of Theorem 2 are satisfied and it follows 
that the path can be deformed into L', that v satisfies the differential equation, 
and that Um v=0. It is verified as in §7 that the boundary condition at 
t^o 

'C is used for any positive constant, p,, p,, . . . for fixed values of p, etc. 
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r=a is satisfied. The remaining condition 

Um i>=0 

r-*-oo 

follows from Theorem 2 (▼). 


9. Verification of the solution for an instantaneous cylindrical surface source 
over r=r' in the solid cylinder 0<r<a. 

From the results of I, p, with the notation (17) and (23) we have 


V—- 




Q ry+i«> I,((i.r'){I,(H.r)ff(X)-iro(!Jt»')/(X)}e^*dX 


and 


w- 


Q J,(tty>)I,(tif)g(X)s^dX 


47t*ix 


J'Y+toc 
Y-too 


/(X) 


, 0<r<a 


.(27) 

(28) 


We have to verify that v satisfies I (16) and that w satisfies I (19) and I (20). 
When X=xpc<6, 7t>6o>6>0, 


Ja((ir')Io ( iir)g(X) 

m 

Jo( nr'){Jo(tir)g(X) -g,(tir)/(X)} 

/(X) 


cCp-i eip[(r+r'— 2o)p* cos p], p>po •••• (29) 


with similar results for the derivatives. 


<0p~* exp[(r'— r)p* cos |0], 
r'<r<o, p>pi (30) 


It follows from (29) and Theorem 2 that to satisfies I (19) and I (20). Also, 
it follows from (30) that the path of integration in (27) may be deformed into L', 
and that the integral over X' may be differentiated under the integral sign with 
respect to r in r'<^r<a for fixed f>0, and with respect to f in t>{o>0 for fixed 
r in r'<:r<a. Thus 




+ksv = 


47cHx 



?ix,j;)^* 

/(X) 




where (p(X, r)=Io(fir'){[(*:iX+**)^o(("’)+*8(J^i(!Ji»’)]fl'(X) 

— [(^lX+fc3)j^o((*’^) — ^2t*J^l(i*'*’)lf(X)} 

and the integral is uniformly convergent with respect to r in r'<r<a for fixed 
f>0. Therefore 


Urn 


Since we have used the inversion theorem purely formally, and not estab- 
lished conditions for its validity, to complete the proof it is necessary to show 
that the application of the inversion theorem to I (21) gives I (18). 

We consider the region 0<r<r'. Applying the inversion theorem to I (21) 
gives 

'Y-fioo 

7,(|W-)Zo(pLr')e'^*dX 
-too 

Now on X=xp 

1 Io(l*»‘)^o(t''’’') RC'p"* exp[— (r'— r)p* cos P], 0<r<r', p>po. 

Thus by II, Theorem 1 (footnote), the integrals over the arcs BB’F and 
AA'C of Fig. 2, tend to zero as p-»-oo for *>0, 0<r<f'. 




KABUL HEAT FLOW IK CIBCULAR CTUNBEBS. 


137 


Therefore 


47r*ixJ^_foo 


c(lir)E„(iir')e^*dX 


“ J' o(^r)[K^{iur') -K ,( -tar')]d« 

^ J e-^^^jQ(ur)Jf,(ur')udu 


The proof for the other range is similar. 


10. It remains to show that for the problems of I the integrals round the 
arcs BB'C and AA'C of the circle (~ of I, Fig. 1, or BB'F and AA'C of I, Fig. 2, 
tend to zero as the radii tend to infinity. When Fig. 1 is used the radius is to 
tend to infinity through a sequence of values avoiding the poles of the integrand ; 
these poles have been discussed in §§2, 3, 4. In all cases we show that the 
integrands of the line integrals for v satisfy the conditions of II, Theorem 1, and 
the result follows. The problems of I, § §2, 3, 5, are discussed in § §12, 13, 14 ; 
the remaining problems are treated in the same way. 


11. Lemma. For X=x(n+J)*-je<6, (ji, = -y/(X/x), 7c>6>0. 

CL 


j>C exp[(n+J)7t cos i6j (31) 


where C is a constant independent of n. 




cosh 


I’ 


=jjcosh [(2n+l)7t cos J0]+cosj^(2n+l)7t sin 

— i cosh [(2n+l)7t cos §6]{1 +Bin[(2n+l)7t sin ^6] 

sech[(2n4-l)7t cos J6]) 

Now let p=2sin-i 

2n-\-l 

Then 0<8in[(2n+l)’t sin |0] sech [(2n+l)7t cos |0]<2"*, when it>0>p. 
Also, when p>0>O, 

I 8in[(2»+l)7t sin ^0] sech [(2n+l)7r cos |0] |<sech [(2n+l)7t cos iP]<C'<l 
Thus, when 7r>0>O, 

cosh ^|xo— j7cijj>C exp [(n+i)7T cos J0] 

7^2 

The same aigument gives, when X=x(«+J)*-5C*0, 

0/ 

cosh ^[io— jTtijjx? exp [(n+i)7t cos |6] (32) 
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12. The problem of I, §2. 
Here, using tbe notation (17) 


^’rfjY-to ’■/W 

Kow it follows from the asymptotic expansions of the Bessel functions that 


2(t.X+ *.)«*” 

+similar terms 

7t* 


"(f) 




cosh 


(2lt(JLO)* 
compared with the above. 




Thus,* if X=x(n+i)*-^c<6, 7t>0>O 


/(X)|>(7«a exp[(«4-J)7r cos J6), n>n„ (34) 

where the results (31) and (32) have been used and a is 3/2, ^ or — ^ according 
as Ajj 0 ^ 0, fcg 0 ^ or Aj^ —k^ — 0. 

Also I Io(«) 1 <exp I B(z) |. 

Thus on X=)c(n+J)* — je*® 

€l/“ 

<(?«« exp ^ {n + \)n . cos ^0^, n:>0>O, 0<r<a, »>«3 

where a is —3/2, — J or J according as kjj^O ; A:i=0, Aij^O ; or A:i=A:2=0. 

In all cases the conditions of II, Theorem 1, are satisfied and thus the 
integral over p tends to zero as its radius tends to infinity if 
either 0<r<a, f>0 


or 0 = 


r<a, 


t>0. 


e, m bue nui^au 


^r<a. 


13. The source problem of 1, §3. 

Here, in the notation (16), 

"Y +*°O l,(tir>){J ,(jxr)g(X)-ii C o(txr)/(X)}g^^dX ^ 
fy— too 

From the asymptotic expansions it follows that, for 

X=x(n+i)*^e<e, Tc>0>O 
0/ 

I Io((ir'){Io(iir)flf(X)-E’o(ltf)/(>^)} !<<?»» exp |(n+4)ix- 

r'<r<^a, n>n^ 

where a=J, — J, —3/2 according as *i=5^0 ; A:i==0, k^O \ ki~k^—0. 
Thus, using (34), we have when 

X=x(n+J)*^e<e, 7c>0>O 


/,(tif '){I,(|jtr)g(X) - Jf:o(tJtr)/(X)} 


/(X) 


<? cos 


f'<r<o, n>n 2 - 

Thus the conditions of II, Theorem 1, are satisfied for f >0 if r'<r<a, and 
similarly they are satisfied if 0<r<r'. 


* These oircles do aot pass through any pole of the integrand of (33). 
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14. The problem of I, §5. 

Here in the notation (23) 

*4 fY+ioo 

and since the order property (24) holds in 7r"-0 >0 the conditions of II, Theorem 1, 
are satisfied. 


The University of Tasmania. 



THE CHEMI8TBY OF BIVALENT AND TEIVALENT BHODIUM. 
Pabt III. Compounds of Bhodic Haudes with Tbetiaet Absines. 

By F. P. Dwyeb, m.Sc., 
and B. S. Nyholm, b.Sc. 


{Manufcripl received, October IS, 1941, Read, November 5, 1941.) 


In a previous communication (This Jodbnal, LXXV, p. 127), the preparation 
of a number of rhodous halides stabilised with diphenylmethylarsine was 
described. In all of these compounds the central metallic atom showed a 
coordination number of six achieved by bridging. Since it appeared probable 
that the compounds resulted by the reduction of the arsine coordinated rhodic 
halides, and not by reduction of the simple rhodic halides to the lower valency 
state followed by addition of the arsine, it was considered useful to investigate 
the coordination compounds with rhodic halides and various tertiary arsines, 
in order to determine the possibility of preparing rhodous compoimds with the 
lower coordination number of four, as well as to contrast the stability and 
reactions of rhodium in both valency states. 

By working with diphenylmethylarsine, and dimethyl-p-tolylarsine it was 
found that compounds of only one type could be obtained, viz. BhXg . SAsBg, 
where X =G1, Br, or I. If the usual, well established, octahedral distribution 

of the bonds about hexacovalent rhodium 
is assmned, substances of this formula are 
capable of existence in two isomeric forms 
(A), (B). 

Two forms of many of the rhodic 
compounds were actually isolated, but 
showed large differences in melting point 
and solubilities, and were obtained imder 
widely different experimental conditions. 
Although not necessarily the case, isomeric 
forms of the type (A) and (B) might be expected to exhibit very similar properties 
and reactions. 

The lower melting compound form II was extremely soluble in organic 
solvents such as benzene and chloroform, and even on boiling with silver nitrate 
in acetone solution gave only a mere trace of the silver halide. (In this regard 
the iodides were anomalous.) The molecular weight was normal, and the lower 
melting form II must thus be considered the neutral complex (Bh . Xg . 3AsBg)°. 

The higher melting form I of the same empirical formula was only sparingly 
soluble in organic solvents, but dissolved on long contact or on boiling. When 
the solvent was removed, however, it was found to have passed completely to 
the lower melting form II. Thus the molecular weight (cryoscopic) in benzene, 
was identical with that of the lower melting form in the same solvent, and this 
latter substance alone was found when the solvent was removed in a rapid stream 
of air at 6° G. The higher melting form I gave an appreciable precipitate with 
silver nitrate in alcohol or acetone solution. 

When tested for dimorphism by the method of Mellor (This Joubmai., 1937-38, 
71 , 536), it was foxmd that the lower melting form II could be recrystallised from 
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aqueous alcohol coutainiug halogen acid, provided that the operations were 
performed rapidly. With this particular solvent alone, the higher melting 
form I was alra crystallisable. Thus the two forms are not different crystals of 
the same chemical entity. Further, the solution of form I is darker than that 
of form II. 

Finally, it was found that the higher melting form I tended to come down 
preferentially in solutions containing an excess of halogen acid, i.e. in which the 
rhodium was largely in the form of the complex ion (RhX,)'", and by refluxing 
the lower melting form II in aqueous alcoholic solution with excess of the acid 
or potassium halide, the higher melting form I was deposited quantitatively, 
provided that the alcohol concentration was not too high. It is suggested, 
therefore, that the high melting form I is possibly the electrolytic complex 
dimeride (Rh(AsR3)j) (RhX,)'''. With the exception of the above observations 
of the effect of halide ions in effecting the transformation of form II to form I, the 
authors have not been able to find any crucial test for choosing between an 
isomerism based upon the two possible forms (A) and (B), or an interpretation 
based upon the complex dimeride shown above. In assessing the value of the 
effect noted with halide ions, it must also be pointed out that the actual form 
isolated (i.e. form I or form II) even in the presence of excess halide ion seems to 
depend on the relative solubilities of the two forms, since, whilst with diphenyl- 
methylarsine all six forms of rhodic chloride, bromide, iodide, with the more 
soluble dimethyl-p-tolylarsine the higher melting form I could be isolated in the 
case of the iodide only. 

The compounds isolated, as might be anticipated, with increase in the 
molecular weight of the halogen increased in melting point, and darkened in 
colour, but also became more reactive towards silver nitrate. Thus form II 
of the chloride was almost without reaction towards this reagent, the bromide 
gave a just perceptible precipitate, but the iodide instantly precipitated the 
whole of the halogen as silver iodide. This reaction does not necessarily suggest 
that the bonding in the iodide is weaker than in the chloride, since the effect 
may well be due to the lower solubility of silver iodide. The rhodic compounds 
were found to differ considerably from the rhodous compounds, previously 
described, as regards solubility, but most notably in their failure to reduce silver 
nitrate to the metal even in boiling acetone or pyridine solution. 


Experimental. 

Compounds with Rhodic Chloride. 

{a) Diphenylmethylaraine , — To 10 mis. of rhodium trichloride solution containing 0*096 g. 
of rhodium were added 0 * 7 g. diphenylmethylarsine dissolved in alcohol (80 mis.) and concentrated 
hydrochloric acid (10 mis.). The mixture was refluxed until a precipitate came down (about 
10 mins.), and then heated for a further 5 minutes. 

The precipitated material was removed by flit ration, wcished many times with cold 60% 
alcohol, and dried at 100° C. : Form I. 

The filtrate after the removal of the form I was precipitated with water, and after wasliing, 
and drying at room temperature, was crystallised from benzene and petroleum ether : Form II. 

Form /. — ^This substance was obtained in orange rounded crystalline masses, m.p. 176-178° C. 
It was sparingly soluble in alcohol, acetone, benzene and chloroform, but dissolved by long 
contctct or on boiling. The material recovered, after such dissolution, was found always to have 
undeigone transformation to form II. The substance could be crystallised from alcohol con- 
taining a large excess of hydrochloric acid. On boiling with acetone and silver nitrate it gave a 
perceptible precipitate of silver chloride. 
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Found: Rh, 11*32%; Cl, 11*20%; moL wt., in benzene cryoscopie, 898, in acetone 
ebullioscopic, 796. (In both molecular weight determinations the recovered material was entirely 
in the form 11.) 

Calculated for (Rh(AsR,),).(RhCl,) : Rh, 11*23%; Cl, 11*31%; mol. wt., 1884. 

Form II , — This gave a lemon yellow microcrystalline powder, m.p. 122-124® C. It was 
extremely soluble in alcohol, acetone, benzene and chloroform. By boiling with alcohol con- 
taining a large excess of hydrochloric acid it was transformed into form 1. No trace of silver 
chloride was precipitated by heating with acetone and silver nitrate. 

Found : Rh, 1 1 * 26% ; Cl, 1 1 • 1 % ; mol. wt. in benzene oryoscopic, 897. 

Calculated for (RhCl, . SAsR,) : Rh, 11*23% ; Cl, 11*31% ; mol. wt., 942. 

By varying the relative amounts of arsine and rhodiiun chloride over wide ranges no com- 
pounds other than the above could be isolated. Similarly, when either form 1 or II was refluxed 
with excess arsine or rhodium chloride in alcoholic solution they were recovered unchanged. 

(6) Dimethyl-p-tolylaraine , — Operating with this arsine under the conditions above a slight 
precipitate only was obtained. This was identical with the larger amount of material obtained 
by the addition of water, and appeared to be form II entirely. After crystallisation from benzene 
and petroleum ether, the yellow microorystalline powder melted at 86-88® C., aind was extremely 
soluble in alcohol, acetone and benzene. 

Found; Rh, 12*7%; calculated for (RhCl, . 3AsR,) : Rh, 12*9%. 

Repeated attempts to prepare the other form by boiling with aqueous alcohol and hydro- 
chloric acid failed to yield any trace. 

Compounds with Rhodic Bromide. 

(а) JXp^ienylmethylaraine , — Rhodic bromide treated in alcoholic solution with the arsine 
(3 mols) and hydrobromic acid was refluxed imtil about half of the rhodium was precipitated. 
After removal of the precipitate (form I), the filtrate was precipitated with water to give form II. 

Form J , — The bright red crystalline powder was very sparingly soluble in all solvents, and 
melted at 191® C. Treatment with silver nitrate €ind acetone precipitated about 20% of the 
halogen as silver bromide. 

Found : Rh, 9*72% ; calculated for (RhCAsRs)*) (RhBr,) : Rh, 9*67%. 

Form II , — After recrystallisation from benzene and petroleum ether the orange red micro - 
crystalline powder melted at 116® C. It was easily soluble in all orgcmic solvents to deep red 
solutions. 

Found ; Rh, 9*40% ; calculated for (RhEr, . SAsR,) : Rh, 9*67%. 

(б) DimethyUp’tolylarsine , — Rhodic bromide treated with the arsine in the presence of hydro - 
bromic acid as above gave no precipitate even on prolonged boiling. The red solution after 
precipitation with water gave only form II, m.p. 109® C., extremely soluble in alcohol, acetone 
and benzene. Attempts to prepare form I by boiling with aqueous alcohol and hydrobromic 
acid were fruitless. 

Found: Rh, 10*98%; calculated for (RhBr, . SAsR,) .* Rh, 11*06%. 

Compounds with Rhodic Iodide. 

(a) Diphenylmethylarsine , — Owing to the insolubility of rhodic iodide in water or alcohol, 
the preparative methods used for the chloride and bromide compounds could not be tised and the 
two forms were prepared by different methods. 

Form II , — Rhodium trichloride solution (10 mis.), containing 0*096 g. of rhodium, was 
treated with hydriodic acid solution 57% (20 mis.), alcohol (80 mis.), and diphenyhnethylarsine 
(0*7 g.). The mixture was boiled until a faint precipitate commenced to fomi, filtered rapidly 
and cooled. The purplish red precipitate was wc^hed several times with water, and finally with 
petroleum ether. The substance was extremely soluble in benzene and organic solvents, and was 
the covalent form. Treated with silver nitrate in acetone solution, the ptuplish red colour was 
instantly discharged and a precipitate of silver iodide thrown down. 

Foimd : Rh, 8*69% ; calculated for (Rhlg . SAsR,) ; Rh, 8*46%. 
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Form /. — Rhodium triohloride solution (10 mls.)» containing 0*096 g. of rhodium was treated 
with alcohol (80 mis.) and the cunsine (0*7 g.). The mixture was then warmed carefully until the 
arsine had dissolved completely, and potassium iodide (4 g.) dissolved in 10 mis. of hot water 
added. After refluxing for a few minutes, water was added until a precipitate commenced to 
form, and the refluxing continued, when a dense purplish red precipitate came down in large 
amount. The precipitate was washed with water and then with alcohol, in which it was com< 
pletely insoluble. The substance formed twinned plates and needles, m.p. 200° C. Treated 
with acetone and silver nitrate, it precipitated the whole of the halogen instantly. 

Foimd : Rh, 8*48%; calculated for (Rh(AsR3)e(RhIg) : Rh, 8*46%. 

(6) Dimeihyl-p-tolylareine, — Form /. — Prepcu'ed as above, this gave bright red plates and 
needles, m.p. 200° C. 

Found: Rh, 9*60%; calculated for (Rh(A8R8)«)(RHI,) : Rh, 9*76%. 

Form II , — Prepared in a similar manner to the compound with diphenylmethylarsine, this 
gave a purplish red microcrystalline powder from petroleum ether and benzene. It melted 
at 86-86° C., and was extremely soluble in orgemic solvents. 

Found : Rh, 9*74% ; calculated for (Rhl* . 3ASR3) : Rh, 9*75%. 

Summary. 

The compounds of rhodic halides with tertiary arsines have been found to 
exist in two forms ; one easily soluble in organic media, and the other probably 
a complex dimeride, only sparingly soluble in such media. 

In all cases the compounds were found to possess the general formula 
EhXg . 3ASB3, indicating a coordination number of six. They differ notably 
from the arsine coordination compounds with rhodous halides previously 
described in their failure to reduce silver nitrate to the metal. 

Department of Chemistry, 

Sydney Technical College. 



THE TBIASSIC FISHES OF NEW SOUTH WALES. 

By R. T. Wade, m.A., Ph.D. 

(With Plate VII and one Text -figure.) 

(ManMcript received^ October 22, 1941. Bead, November 6, 1941.) 

(1) Note on a “ Flying Fish ” peom the Middle Triassic op 

Beookvale, N.S.W. 

Genus (?) Thoracopterus 
(Broun, N, Jahrb, f. Min., 1858, p. 12.) 

Material. — ^Two specimens, P.16793 in the British Museum, and U.S.G.D.161 
in the Geological Museum, Sydney University. 

Deseription. — ^The specimen in Sydney shows a large part of a pectoral 
fin, which is 7 ■ 4 cm. long and includes not less than fifteen fin-rays. Distally 
these branch repeatedly, yielding six to eight fine rays each. In the other 
specimen the fin-rays are very long, rounded, divided into long segments, and 
branch distaUy. A few narrow, elongated, smooth scales are also preserved. 

Remarks. — Cephaloxeniis, Dollopterus, (Hgantopterus and Thoracopterus are 
Triassic fishes with such large pectoral fins that they have been thought to be 
“ flying fishes From the scanty material here, it is, of course, impossible to 
determine the relationship of the specimens, and they are referred to Thora- 
eopterus for convenience of record only. 

(2) CORUNEGENYS BOWRALENSI8, A NEW SEMIONOTID FISH PEOM THE 

Triassic of Bowral, N.S.W. 

Sub-Class NEOPTERYGII. 

Order Holostei. 

Family Semionotidse. 

Genus Corunegenys nov. 

Diagnosis. — Small Semionotidse with fusiform bodies, deepened anterior 
to dorsal fin ; dorsal margin descending rapidly from just behind back of head 
to snout. Eyes comparatively large, suspensorium not greatly inclined forwards : 
mouth of moderate size. Quadrate articulation well back ; quadrate angle 
obtuse. Tabttlars triangular, wide, bordering both parietals and supratemporals. 
Paired parietals small, nearly square. Supratemporals moderately wide, 
irregularly shaped. Frontals long, widest behind orbits. Nasals larger, longer 
than wide. Operculum large, deeper than long. Suboperculum much smaUer 
than operculum. Interoperculum small, triangular, well below suboperculum. 
Median gular large. MaxiUa small, tapering, slightly concave at oral margin. 
Mandible long, deep at coronoid area, tapering anteriorly. Hinder end of supra- 
orbital sensory canals in parietals. 

Post-temporals triangular. Supracleithra deep, triangular, slightly 
expanded at upper end. Gleithra of type normal to family. 

Dermal fin-rays few, well spaced, with long, tapering proximal shafts and 
distal division into small joints ; in caudal fin long proximal joints present only 
in middle rays ; fulcra few ; rays of paired fins slender. 
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Tail abbreviate-heterocercal, not deeply cleft. 

Scales thick, smooth, rhombic, with entire margins ; flank scales much 
deeper than long ; ventral scales longer than deep. 

Genotype. — C. bowralensis. 

Remarks . — ^Among the Semionotidae it is most like 8. capensis in the structure 
of the head ; but it cannot be assigned to that genus because of the absence 
of a circumorbital ring consisting of numerous bones, its more nearly vertical 
suspensorium, and its longer maxilla. 

Its name is derived from Gr. corune, a club and genus, jaw, in allusion to 
the club-like appearance of the tapering lower jaw and maxilla. 


Corunegenys bowralensis, sp. nov. 

Diagnosis . — ^As for genus, with the following additions : the dorsal fin, 
which arises sUghtly behind the middle point of the dorsal margin, comprises 
about thirteen rays ; the anal fln, placed entirely behind the dorsal, includes 
about ten rays ; the caudal fin has some twenty-three rays. 

The body is completely covered by about forty transverse rows of scales, 
abdomi n al rows including about fifteen scales in a row. 

The cranial roof is ornamented by a few indefinite longitudinal ruga?. 

Material . — The unique holotype, a nearly complete fish, P.18864, in the 
Australian Museum, Sydney. 

Measurements . — The length from tip of snout to base of tail is 66 mm. 
The trunk has a maximum depth of about 18 mm. The length of the head, 
including operculum, is approximately 16 mm. Thus the length of the fish is 
about three and three-quarters the maximum depth, but about four times the 
length of the head. The depth of the body diminishes rapidly behind the dorsal 
fin, where the dorsal margin slopes rapidly towards the tail. The fleshy upper 
lobe of the tail is produced to a length of 9 mm., and at its tip has tapered to the 
depth of one scale, most of the reduction taking place on the ventral margin. 

The principal flank scales are much deeper than long. Those along the 
lateral line are so greatly broken by crushing against vertebral arches that they 
cannot be satisfactorily measured, but three scales in the seventh transverse 
row behind the head and in successive rows below the lateral line have a combined 
depth of 6J mm., which is the total length of 5^ of these scales. 

Head . — The head is only slightly longer than deep. The orbit, of moderate 
size, is well above the oral margin and about as far from the back of the operculum 
as from the snout. The mouth is small but larger than that of some Semionotidae, 
and, since the quadrate articulation is below the middle of the orbit, the sus- 
pensorium, the operculum, and the lower end of the opercular series are not 
greatly inclined from the vertical, so that the interoperculum is largely below 
and not in front of the suboperculum. 

The position of the parasphenoid is marked by a prominent thick black 
ridge of the shape shown in the figure (Text-fig. 1). The impression of the well 
ossified palate is preserved, without sutures, but displaying its outer margins, 
which meet in the quadrate at a wide obtuse angle. 

Most of the snout is covered by large nasals, which are longer than wide. 
The long frontals are slightly excavated between the nasals, but widened behind 
them. Small, nearly square parietals and irregular supratemporals, both 
bounded behind by wide triangular tabulars, complete the cranial roof. 

In the circumorbital series only one bone can be distinguished and that 
doubtfully — a narrow deep bone just behind the orbit. 

The cheek plates are not preserved, having been broken, most probably 
against the palate. The preopercular canal is preserved, but because of the 
hinder end of the palate one cannot be certain of the anterior margin of the 

M — ^November 6, 1941. 
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preoperculom. The opercular apparatus is long ; the operculiun, the lower 
margin of which is nearly straight, is deeper than long and nearly half as deep 
again as the suboperculum. The limits of the interoperculum are not clearly 
defined and the head is greatly damaged in the region of the branchiostegal 
rays. There is a well preserved median gular. 

The maxilla, placed far forwards from the preoperculum, is not quite clear 
posteriorly but is obviously deej^st there, tapering forwards, with a slightly 
concave oral margin. The man^ble, the upper portion of which is not clearly 
defined, and none of whose components can be made out, is deepest at the 
coronoid region and tapers anteriorly. No teeth are preserved. The sensory 
canals are preserved as casts in the tabulars, preoperculum, and mandible. The 
supraorbital canal, too, is seen to pass from the nasals to the frontals (where it is 
concave downwards above the orbit) and to end back in the parietals. 



Fig. 1 . — Corunegenya howralenaia. 

A, Sketch of head from No. F.18864. (For lettering see page 147.) 

B. Sketch of scales in seventh transverse row behind head and below 
lateral line. 

m.r.=median fold. 


ShovMer Girdle . — Triangular post-temporals and deep triangular supra- 
cleithra with expanded heads connect to the head the short arcuate cleithra, the 
triangular anterior ends of which extend forwards beneath the branchiostegal 
rays and backs of the mandibulse. 

The Trunk and Fins . — ^The trunk, which is of moderate depth in front of 
the dorsal fin, is reduced behind that fin by the rapid descent of the dorsal 
margin. The paired fins are very poorly preserved, and the few rays that 
remain are more delicate than those of the median fins, where the rays have long, 
tapering proximal shafts, succeeded by numerous short joints. There is no 
evidence of distal division of the rays. The long proximal shaft is found in only 
a few of the middle rays of the caudal fin, the remaining rays being closely 
articulated to the base. The dorsal fin, comprising thirteen well spaced rays, 
is almost completely in front of the anal, which is made up of ten rinular rays. 
There are about 23 rays in the caudal fin, the upper fleshy lobe of which is greatly 
produced. 

The Scales . — ^About forty transverse rows of smooth, thick, ganoine-covered 
scales invest the body from behind the head to the base of the caudal pedicle. 
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and abdominally there seem to be sixteen scales in a row — ^the indefiniteness 
being due to uncertainty as to the ventral scales and the exact position of the 
ventral margin. The scales of the well preserved lateral line are crushed down 
upon the neural and haemal arches, which show dimly along the body. Some 
rows below the lateral line are about twice as deep as long, and, displaying their 
inner smtfaces, show a short sharp on their upper margins, no socket, but articula- 
tion by means of a median ridge. 

Remarks . — Salient points in the structure are, the course of the supra- 
orbital sensory canal, the shape and size of the maxilla, the steep rise of the 
dorsal margin of the head, and the squamation. 


Explanation of Plate. 

A. (?) Thorawpierua sp. Pectoral fin. No. U.S.G.D. 151, (Geological Museum, University of 
Sydney, xl^. 

B. Corunegenys howralenaia sp. nov. The imicjue type. No. F. 18864, Australian Museum, 
Sydney. Xl. 


Text-fig. 1 . — Corunegenya howralenaia sp. nov. No. F. 18864, Australian 

Museum, Sydney. 

A. Head, x 3. 


Clei . = Cleithrum . 

Fr. =Frontal. 

Gu.—Gular. 

l. Op. — Interoporculum, 
L.L.C.= Lateral line canal. 
Md. =Mandible. 

m. r.== Median fold. 

Mx. Maxilla. 

Na. =Nasal. 

Op. = Operculum. 

Pa. —Parietal. 


Pas. = Parasphenoid. 

Pet.— Pectoral fin. 

P.Op .C. — Preopercular canal . 
P.T. — Post-temporal. 

Qu. -Ptg. — Quadrato -pterygoid . 
K.Br. — I^ranchiostegal rays. 
S.Cl. — Supra-cleithrum. 
S.O.C.— Supraorbital canal. 
S.T. — Supratemporal. 

Tab, -Tabular. 


B. Scales in seventh transverse row behind head and below the lateral 
line. X 3. 
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Introduction. 

The cultivation of the Tung Oil tree, Aleurites fordii, has been investigated 
by officers of the Sydney Technological Museum since 1923. The early results 
were obtained from a study of individual trees, but by 1937 it became possible 
to study a commercial grove, one owned by Mr. A. H. Woolcott at Bargo, 62 
miles south of Sydney. 

In pursuance of this study another commercial grove was selected, that of 
Mr. C. J. Prank at Coramba, 390 miles north of Sydney. This grove proved 
ideal in many ways. In the first place it is, as far as we can ascertain, the best 
yielding grove in Australia and, secondly, the trees are remarkably uniform in 
character. The returns have proved very profitable to this enthusiastic and 
painstaking grower. 

In view of the serious position confronting the tung oil industry generally 
through inability to obtain commercial supplies from Ch^a, the results obtained 
in the study of Mr. Frank’s grove are of considerable national importance. 
The commercial return from his two paddocks (A and B), of about two acres 
extent, for the present year is a record for Australia, and probably for the world. 

’*'Part 1 appeared This Journal, 1940, 74, 42. 
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Plantation at Ooramba. 

This consists of approximately two acres of bearing trees, and in addition, 
about six acres of young trees. At the time the plantation was first visited, in 
October, 1940, the trees were in flower, and the uniformity of the flowering, the 
scarcity of the male-flowering type of tree, and the remarkable robustness and 
vigour of the trees were impressive. A good yield seemed to be indicated, and 
it was decided to keep the grove under close observation. 

A second visit was made in February, 1941, when the fruit crop was half 
grown. The trees were so heavily laden that a high yield seemed certain, and in 
June-July of this year a special effort was made to record accurately the yield 
figures, and at the same time samples were taken for study in the laboratory. 

The plantation comprises two small paddocks of mature trees, details of 
which are given in Table I. Paddock A is situated on the west side of the 
railway, on a north-east slope. It is protected by a railway embankment on 
the east, and may gain some advantage in drainage from calf and pig pens 
adjacent. The soil is a clayey loam, possibly of basaltic origin. The surface 
soil, about 9 inches deep, is rich in humus ; the subsoil is very deep. The 
actual area of this paddock is 80 ft. x 336 ft., or approximately five-eighths of 
an acre. 

Paddock B is situated on the east side of the railway. Its aspect and soil 
are similar to those of Paddock A, but it receives no special advantages. The 
area is approximately acres. 


Tablk I. 

Details of Tutig Plantation. 


Paddock A. 


Paddock B. 


Area 

Aspect 

Soil 

Source of seed 
Seed sown 
Density of trees 


J acre. 
North-east. 
Clay loam. 

“ Whittell.” 

October, 1934. 

170 per aero. 


i IJ^ acroK. 

North-east. 

Clay loam. 

“Whittell” and Queensland 
Forests. 

October, 1933, and October, 
i 1934. 

I 180 per acre. 


The Establishment of the Trees. 

Paddock B contains two plantings of trees. In 1933 seed was obtained 
from Queensland Forests Limited, and the seedlings planted out the following 
October, the planting being on the square system, 22 ft. apart, equivalent to 
90 trees per acre. 

The following year, 1934, further seed was supplied by the “ Farmer and 
Settler ” Newspaper. This seed was apparently derived from stock known as 
Pennant Hills Trees. The seedlings were planted in September, 1936. 

In Paddock B the original planting seemed so open that additional rows 
were interplanted, a new seedling being placed in the centre of each square, 
making a total planting of 180 trees per acre. In all. Paddock B contains 222 
trees, but over twenty of these, affected by poor drainage, yielded very little 
fruit. 

Paddock A consists entirely of trees from the Pennant Hills seed, sown in 
1934 and planted out in October, 1935. The planting method adopted was to 
“ stagger ” the rows, to give a triangular system, planting distances of 16 ft. 
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between rows and 16 ft. between trees in the row, being equivalent to 170 trees 
per acre. 

The land, which was first cropped in 1933 to pumpkins, after being given 
a dressing of lime, was planted with potatoes in 1934, and the seedlings of Tung 
were planted in the growing potato crop. The following year a crop of soya 
beans was raised between the rows, and intercropping has been practised imtil 
the growth of the trees has made this impossible. Sheep have been used for 
feeding off the haulms of soya beans and other intercrops and to keep down 
weeds. IToimg pigs have also had access to the paddock. 

Paddock B was first cropped with barley, then potatoes, and finally soya 
bean. The Tung seedlings were planted in the barley. In the present condition 
of the trees, intercropping or any cultivation between the rows is quite impossible. 
The weeds and imdergrowth are kept down by sheep. Pruning or any inter- 
ference with the normal growth of the trees has been avoided. 

The climate at Ooramba is well suited to tung, both in regard to the high 
rainfall experienced, and the rare occurrence of frosts after September. The 
average annual rainfall at Ooramba over a three-year period (1938-1940 inclusive) 
was 49*89 inches, and the distribution is such that the greater part of this rainfall 
occurs during the growing season, October to April. During the seven-month 
period October, 1940-April, 1941, when the heavy crop was being carried, 
Ooramba received 36*96 inches of rain. 

The close p lantin g adopted by Prank appears to have several advantages 
over the wider spacings. Some of these advantages may be enumerated : 

(1) The heavy growth of leaf and other debris which covers the ground 
during the winter adds appreciably to the humus intake of the soil, 
and effectively prevents moisture loss. Tung appears to respond to a 
high humus and nitrogen content in the soil. 

(2) The trees provide their own protection from wind and weather damage. 

(3) Growth of the trees does not appear to be adversely affected in any 
way. 


General Yield. 

The first fruit was obtained from the trees in 1937 ; they were then three 
years old, but this yield was very small. In 1938 an appreciable yield was 
obtained. The year 1939 was apparently a favourable season, for a good yield, 
double that of the previous year, was obtained. The yield was not so good in 
1940. A late frost is said to have caused a big reduction in fruit setting, whilst 
the reduced yield may also have been a reaction to the high yield of the previous 
year. An exception^y high yield of 12,291 lb. net of dry fruit was obtained 
during the present year (1941). On decortication, 6,145 lb. of seed was separated. 
The seed yielded on expression approximately 2,300 lb. of oil, or 18*0% of the 
whole fruit. 


Yield Studies. 

When we visited Goramba at the end of June, 1941, for the purpose of 
recording the actual sdeld, the fruit had mostly fallen from the trees, although 
here and there occasional trees were still holding perhaps fifty per cent, of their 
crop. The hanging fruit, however, appeared mature, and was easily shaken 
down. Underneath, the groimd was thickly covered with fallen leaf debris, 
amongst which the fruit was lying. Under such conditions the fruit would 
remain wet for a long time, and proper drying would require the collection and 
spreading of the fruit on open ground. 
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Yields from Paddock A. 

Paddock A, which on casual inspection promised the higher yield, was 
selected for the most detailed study, but it is a matter for regret that time did 
not permit of equal attention being given to Paddock B. In the time at our 
disposal, it was quite impossible to collect all the fruit from Paddock A. Four 
plots, each equivalent to ten trees or one-seventeenth of an acre, were marked 
out for the purpose of estimating the yields. These plots were marked out 
across the paddock, along the butt lines of two rows, with one included row, and 
comprised the fruit lying on the ground under five whole trees and ten half 
trees. Plot TV included the equivalent of eleven whole trees, but the yield 
from this plot has been reduced by the fraction 10/11 for the purpose of this 
analysis. 

The overlapping of adjacent trees made the collection of the fruit from 
individual trees quite impossible. The fruit from each plot was collected 
separately, weighed in the field, and spread in open grassland to dry. Corrected 
yield figures were obtained from a re- weighing when the fruit appeared thoroughly 
dry and ready for bagging. The results of these yield figures are given in 
Table II, together with figures for oil yield, which have been calculated from 
analyses of five samples from each plot. The mean yield per plot of 524 lb. of 
dry fruit and 113 lb. of oil is equivalent to yields of 3-98 tons and 1,960 lb. of 
fruit and oil respectively per acre. 

The moisture content of the fruit at time of collection and the consequent 
loss of weight on drying varied considerably between plots, depending on their 
positions. Plot 1, near the southern end of the paddock, was the most exposed, 
and had a lighter covering of leaf litter. The fruit was, in consequence, relatively 
dry when collected. 


Table II. 

Yield of Fruit from Plots. 







Mean 



Yield of Fruit. 

Oil Yields 

Oil Yields 

Weights 

Number of 




on 

Cal. from 

of 600 

Fruits 

Plot. 



Air Dry 

Columns 

Fruits 

per tree 




Fruit.^ 

3 and 4. 

as 

Cal. from 


As 


Per cent. 

Lb. 

Collected. 

Columns 


Collected. 

Air Dry. 



Lb. 

2 and 6. 

A1 

692 

531 

20*86 

i 

110*9 

37*25 

1 

1,113 




±0*71 


±1-11 


A2 

828 

547 

22*32 

122*0 

43-76 

1,135 




±0*21 


±2*21 


A3 

768 

514 

22*04 

113*3 

48*75 

945 




±0*62 


±1*70 


A4 

804 

503 

21*45 

108*0 

49*60 

972 




±0*34 


±2*94 


Means 

773 

542 

21-67 

113*52 

44*84 

1,041 


±29*7 

±9*7* 

±0-28 


±1*10 


B1 

467 

373* 

19*34 

72- 1» 

42*0 

606 -.5 




±1*66 


±2*74 



^ Means of analyses from five trees in each plot. 

* Equivalent to a yield of 3*98 tons of fruit, and 1,960 lb. of oil per acre. 

* Equivalent to a yield of 2*66 tons of fruit, and 1,250 lb. of oil per acre. 
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Number of Fruits per Tree , — The impracticability of studying the yields 
firom individu^ trees has already been pointed out. Since many yields given in 
the literature are calculated on the number of fruits per tree,<‘) an estimation 
of this figure was thought to be desirable. Whilst the fruit was being collected, 
counted lots of 600 fruits were weighed in the field, four replications of such 
counts being made for each plot. The number of fruits per tree in each plot 
was calculated from the mean weight of the fruit and the total weight of the 
half-dry fruit. Details are included in Table II. The average yield per tree 
exceeds 1,000 fruits. A yield approaching this figure has often been desired 
but has rarely been obtained, and this only on individual isolated trees (e.g. 
Grafton). 


Yields from Paddock B. 

In Paddock B a single plot of more or less equivalent size to those in 
Paddock A was marked out for the purpose of comparison. Owing to the 
different arrangement of the trees, the plot is not exactly equivalent, as it 
includes the fruit lying under five whole trees and twelve half trees, and equal 
to one-sixteenth of an acre. The ground was covered with less fruit debris and 
the fruit was more exposed and in a drier condition. The yield of 373 lb. of 
air-dried fruit from the plot is equivalent to 2 '66 tons per acre. Details of the 
yield and number of fruits per tree are included in Table II. 

The yield from this plot is considerably lower than from those in Paddock A, 
but must still be regarded as very good. The yield from the whole of Paddock B 
would be lower than that indicated by the plot yield, because of the inclusion 
of the poor trees at the southern end, already mentioned. 

Fkuit Analyses. 

Analyses of the proportion of husk, seed-coat, kernel, and oil in samples of 
fruit from a few individual trees at Bargo, reported previously**’ indicated 
that considerable variation in these characteristics occurs. Similar results 
have been reported by authors in other parts of the world. <**<*> Trees situated 
at Bargo were partic^arly favourable for this work by reason of their diverse 
origin. Further work on the trees at Bargo which had been anticipated had 
to be abandoned because of the severe drought conditions experienced in that 
district, and the almost complete failure of the Tung crop, and in fact, of all 
other crops. Until conditions in the district improve, the work at Bargo cannot 
be continued. 

The trees at Ooramba offer a more limited scope in this study, the plantation 
being less extensive, the trees of less diverse origin and far more uniform in all 
characters. 

Five samples of twenty fruits each were taken from each plot in Paddock A 
and from the one plot in Paddock B, for the purpose of these analyses and for 
work on the yield and quality of the oil. The fruits were taken from directly 
under the individual trees concerned, where possible mixture with fruit from 
adjacent trees was least likely. No attempt at selection of fruit was made. 
In addition, fruit from one tree selected on the basis of attractive fruit type 
was included. In this case, only well-developed, large fruits were collected. 
These fruits characteristically split readily on dry^. 

At the time of collection, the fruit was still partiaUy wet, and it was allowed 
to air-dry in the open for several weeks before analyses were commenced. The 
analyses were carried out over a period of two months, and considerable differences 
in the moisture content of the husk and seed were found. For the sak:e of 
uniformity, the results given have been calculated on moisture-free basis. The 
fruits generally are of good Aleurites fordii type, smooth or slightly furrowed 
between the sections, rarely rough and deeply furrowed. Fruits consist normally 
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of five sections, occasionally of four, and rarely of six. In ench section there 
is one kernel ; very exceptionally twin kernels occur. The kernels were mostly 
sound and plump, but in some samples were soft and shrivelled, and occasional 
seeds were empty of kernel. 


Variation in Husk, Seed-Coat and Kernei. 

The general uniformity in the proportion of husk, seed-coat and kernel 
between the plots in Paddock A is remarkable, and in conformity with that 
of the trees and their fruit. In Table III detailed figures are given, and these 
show that on a moisture-free basis, the proportion of kernel varies from 39*6% 
to 41-7% between plots, and that these differences are scarcely, if at all, 
significant. 

In Paddock B, on the contrary, the proportion of kernel is appreciably low, 
and the husk is correspondingly thick. In the analysis of fruits, it has become 
obvious that the seed-coat does not vary to any marked extent, and that varia- 
tion is accounted for by changes in the proportion of outer husk to kernel. 

Comparison of these analyses with those previously reported from Bargo 
shows a much higher proportion of kernel in the Coramba fruit. Two samples 
of Bargo fruit analysed concurrently also show a high percentage of husk, which 
seems typical of the Bargo fruit. Analyses of a sample of fruit from the two 
historic trees at Grafton Experiment Farm,'®’ which are now approximately 
twenty years old, give figures comparable with the Coramba results, and decidedly 
superior to the Bargo results. 


Table 111. 

Mexina of Atiahjaes of Fruit Samples. 


Plot.i 

Mean 

Weight 

Whole 

Fruit.^ 

Composition of Fniit.^ 

i Oil in> 

Oil Yieldi 
in Whole 
Fruit 

Per cent. 

Husk 
Per cent. 

Seed Coat 
Per cent. 

Kernel 
Per cent. 

Kernel 
Per cent. 

A1 

21-78 

31-90 

27-44 

40-66 

58-66 

23-85 


±0-27 

±1-03 

±0-56 

±0-71 

±0-38 


A2 

23-61 

32-04 

26-74 

41-22 

60-26 

24-83 


±0-96 

±0-44 

±0-62 

±0-47 

±0-60 


A3 

24-64 

32-68 

25-58 

41-74 

59-80 

24-95 


±0-61 

±1-29 

±0-42 

±1-05 

±1-42 


A4 

22-81 

33-76 

26-63 

39-62 

59-78 

23-68 


±0-72 

±0-67 

±0-42 

±0-66 

±0-46 


B1 

24-66 

42-02 

23-12 

34-86 

62-60 

21-81 


±1-92 

±1-57 

±1-66 

±110 

±3-68 

1 

8-1* 

30-97 

36-8 

22-0 

41-2 

62-1 

25-60 

Grafton* 

22-92 

31-7 

1 27-3 

41-0 

58-2 

23-86 

Wl/4-11* 

33-90 

42-8 

! 24-7 

32-6 

58-6 

19-00 

Wl/6-11* 

33-10 

44-4 

23-4 

32-2 

60-2 

19-40 


^ Calculated on moisture-free basis. 

*A tree selected on basis of its large, attractive fruit. 

® Mixed fruit from two old Grafton trees. 

^Five-year-old trees at Bargo, derived from the Grafton parents. 
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The moisture content in the husk, seed-coat, and kernel shows a certain 
degree of variation. In the husk this averaged from 13-0% to 21 •7%, and in 
the seed-coat from 10-7% to 16-5%. The moisture content of the kernels 
showed a normal range from 2-6% to 8*2%, although two exceptional samples 
had moisture contents of 16 * 5 % and 30*2%. The reason for this high moisture 
content is not apparent, and does not seem entirely due to the state of dryness 
of the whole fruit. It may be due to premature falling of the fruit or some 
other cause. 

Slight but barely significant differences in proportion of kernels to husk are 
found between the samples from individual trees, the range being from 38 ’8% 
to 45-3% of kernel in Paddock A, and 31 *4% to 38 *2% in Paddock B. These 
results differ from results reported by many workers, who have found very 
considerable differences between individual trees. In view of the comparative 
uniformity in the husk-kemel ratio, and of the uniformity of the trees in other 
characters, e.g. vigour, habit of growth, absence of the undesirable “ male ” 
trees, uniform cluster-fruiting type, it must be presumed that the trees are of a 
relatively pure strain, compared with other plantations seen in New South 
Wales. 

The sample from tree marked 8-1 is worthy of mention. In spite of the 
definite selection of large, well-formed and well-developed fruit, it gives, weight 
for weight, no higher proportion of kernel than the other samples, which fre- 
quently included small and deformed fruits. 

The frequently reported correlation between high kernel proportions and 
large fruit size does not appear to be borne out by the figures obtained here. 
The mean weight of the fruit was from 20*2 to 31 •! gms., but the kernel content 
appears to have no relation to this mean weight. 

Variation in Oil Content. 

In Paddock A, the uniformity of the oil content of the kernels is notable, 
and contrary to the usual findings. Even the sample A 5-3, which had 16% 
moisture in the kernel, was little inferior to its adjacent trees. In Paddock B, 
a greater variation in oil content is shown, which might be expected, as trees 
include two origins. The oil content in the dried kernel varies from 57 •!% to 
61*6% in Paddock A, and from 51*7% to 69-1% in Paddock B. 

Oil Analyses. 

The kernels separated from the various samples of fruit enumerated in 
Table III were examined for yield and quality of oil. The quantities available 
were not sufficient for mechanical extraction of the oil, and, consequently, the 
comminuted kernels were treated with ethyl ether in a Soxhlet extractor. What- 
ever sUght differences might result from the two methods of treatment, the 
results of analyses are strictly comparable. Solvent extracted oils have, in our 
experience, given reasonably satisfactory results, although the Browne Heat 
Tests are invariably high. For purposes of comparison the results are set out 
in tabular form. (See Table IV.) 

No explanation can be offered at present for the variation in chemical 
composition of the individual oils, as revealed by the refractive indices and heat 
tests. At the same time, the specific gravities of the oils are quite normal. 
The chemical composition of these oils will be the subject of a separate investiga- 
tion. Meanwhile the following facts should be specially noted : 

(1) Although only one plot from Paddock B was examined, as against 
four plots from Paddock A, there is sufficient evidence to indicate that 
the oil from the drier Paddock B is of superior quality to that obtained 
from Paddock A, which is much wetter, and in which the soil appears 
richer in humus and nitrogen. 
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Table IV. 

Physical Characters of Oils. 



16-5^ 

25° 

Acid 

Browne’s 


Sample. 

^15-5° 

“d 

Value. 

Heat Test. 

Remarks. 

A 6-1 

0*940 

1-5100 

0-53 

19i mins. 


6-2 

0*939 

1*5123 


15| mins. 


5-3 

0*940 

1*5110 

16*2 

Did not gel. 

Spongy kernels. 

5-4 

0*939 

1*5136 


14f mins. 


5-5 

0*940 

1*5013 

0*73 

17i mins. 


A 8-1 

0*941 

1*5169 


13 mins. 

Crumbly “ gel ”. 

9-1 

0*940 

1*5148 


14 J mins. 


9-2 

0*939 

1*5117 


16 J mins. 


9-3 

0*939 

1*5120 

0*54 

16 mins. 


9-4 

0*939 

1*5127 


15 mins. 


9-5 

0*939 

1*5117 


16 mins. 


A 13-1 

0*939 

1*5126 

1*2 

14i mins. 

Kernels spongy. 

13-2 

0*942 

1*5153 


llj mins. 

Firm “ gel ”. 

13-3 

0*939 

1*5125 


16j mins. 


13-4 

0*941 

1*5150 


14 mins. 


13-5 

0*940 i 

1*5147 

0*46 

14^ mins. i 


A 19-1 

0*940 

1*6142 


14 mins. 

Firm “ gel ”. 

19-2 

0*939 

1*6120 

1*04 

16 mins. 


19-3 

0*939 

1*5117 


18| mins. j 

i 

19-4 

0*940 

1*6143 

0*45 

13| mins. < 

1 

19-6 

0*939 

1*5127 

1 

16 mins. 

1 

1 

19-6 

0*940 

1*5110 

0*57 

174 mins. 

1 

1 

1 

B 8-3 

0*939 

1*6118 

0-68 

16J mins. 


8-4 

0*942 

1*6172 


10 J mins. 

Crumbly “ gel ”. 

8-5 

0*941 

1*5167 


14j mins. 

Firm “ gel 

7-6 

0*942 

1*5167 


12 mins. 

Crumbly “ gel **. 

9-6 

0*942 

1*5170 


1 1 mins. i 

Cnunbly “ gel ”. 


(2) The oil obtained from the mixed fruits from both paddocks by expression 
is of excellent quality, and meets the requirements of the Australian 
Standard Specification. 

(3) An average sample from the two paddocks taken from a total volume 
of 240 gallons, the product from 12,291 lb. of dried fruit collected from 
the two acres, gave the following results on examination : 


16-6° 

i6-5° 

^ 25 ° 


Acid value . . 

Saponification number 
Iodine number (Wijs 2 hours) 
Browne’s heat test 


0- 940 

1- 6164 

0-72 

193-4 

164-4 

12 minutes. 
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THE STEBBOCHEMISTBY OF SOME METALLIC COMPLEXES, WITH 
SPECIAL BEFEBENCB TO THEIB MAGNETIC PBOPEBTIES AND 

THE COTTON EFFECT. 

By D. P. Melloe, m.Sc. 


(Manutcript received, October 22, 1941. P^ad, Sovemoer 5, 1941.) 


In recent investigations dealing with the stereochemistry of metal complexes 
Pfeiffer, Christelheit, Hesse, Pfitzner and Thielert (1938) and French and Corbett 
(1940) have used observations on rotatory dispersion as a basis for drawing 
conclusions concerning the orientation of valence bonds about metal atoms. 
As these are the ftrst attempts, so far as the author is aware, to use rotatory 
dispersion measurements for this purpose, it is of some interest to check the 
findings based on rotatory dispersion studies against those based on other 
physical methods. Attention has already been drawn to the fact that some of 
the conclusions reached by Pfeiffer and his collaborators are not those one 
would have anticipated from the results of magnetic measurements made in this 
laboratory, on closely related compounds. (Mellor, 1941.) 

In certain favourable instances, bond type and orientation can be deter- 
mined from magnetic data. This can be done with greatest certainty in the 
case of the diamagnetic complexes of nickel, because for these, the results of 
magnetic studies have been verified by X-ray crystal analysis (Cox, Wardlaw 
and Webster, 1936 ; Elliott, 1938 ; Brasseur, 1938 ; Peyronel, 1941), synthesis 
of isomers (Tschugaeff, 1910 ; Sugden, 1932a) and studies of crystal optics 
(Mellor and QuodUng, 1936). For tliis reason most attention has, in the present 
investigation, been paid to compounds of nickel ; reference is however made to 
compoimds of several other metals. The conclusions from magnetic measure- 
ments will be discussed first, and then, in some detail, the bearing of these 
conclusions on the optical data (dispersion and absorption). 

The Compounds Investigated. 

The compounds on which susceptibility measurements have been made 

are listed in the first column of Table I. WTth 
one exception, their preparation has been 
previously described by Pfeiffer et al. (1941), 
Lifschitz (1922) and others. The structures 
proposed by these authors for the different 
compounds (numbered as in Table I, except 
for XI) are shown as follows : compounds I, 
II and III, Fig. I ; IV and XI, Fig. 2a and 
2b respectively ; V, VI and VII, Fig. 3 ; 
IX and X, Fig. 4. 


CM, c — c 


I 


-CH, 


Ni. Co or Cu 


Fig. 1. 





158 


X^« P» M£LLOHr. 


Tablk I. 

Restilts of Susceptibility Measurements. 


Compound. 

Specific 

Suscept- 

ibiUty 

XX 10* 

Molar 

Susoept- 

ibUity 

XMXlO* 

Dia- 

magnetic 

Correction 

Applied. 

xl0« 

Temper- 

ature. 

“K. 

Magnetic 
Moment, 
u Bohr 
Ml^etons. 

Number of 
Unpaired 
Electron 
Spins. 

I. CijHj.O,N.Nl 

Bis - salicyialdehyde > 
pro^P||rlene-diimine* 

~0 1 

Diamagnetic 



^0 

0 

III CiTBjgOgl^tGo 

Bis - salicyialdehyde - 
propylenediimine- 
cobalt 

7 20 

2,440 

-174 

293 

2-48 

1 

ni. CnHi,0*NaCu 

Bis - salicyialdehyde- 
propylenediimine- 
copper 

3 26 

1,120 

-174 

295 

1-76 

1 

IV. C,^uO«N.Ni 

Bis - salicyialdehyde - 
o-phenylenediimine - 
nickel 

-0 2 

Diamagnetic 



^0 

0 

V. CmHmO^NI 

Bis - formylcamphor- 
nickel 

9 72 

4,050 

-246 

287 

316 

2 

VI. C.^,pO.Co2H,0 j 

Bis - formylcamphor- | 
cobalt dlhydrate . . | 

23-8 

10,780 

-266 

286 

i 

5 05 

3 

VII. C.,Hm040u.C4H,0, 

Bis - formylcamphor 
copper + dioxane of 
crystallisation 

2 42 

1,233 

-304 

i 

288 

1-89 

1 

VIII. C.|H4»O.Co 

Tris-formyl camphor 
cobalt 

0 33 

199 

-369 

290 

1 16 

0 

IX. C.3H,40,N,Ni3H,0 

Bis-formyl camphor- 
ethylenediimine- 
nickel trihydrate 

-0-4 

Diamagnetic 




1 0 

X. CmH,40|N«Cu2H,0 

Bis - formylcamphor- 
ethylenediimine 
copper dihydrate . . 

3 27 

1,674 

-294 

288 

I 

2-08 

1 


CHi <fH3 

HgC C C O O C ^ CH2 

I HJC-9-CH3 I ||h^-C-ch 3 I 

HaC— -CH— C-.CH*0'^ ^OaCH-C CH CHg 

Fig. 3. 


CHs CH3 

H3C i: — c — o o — c — c — CH 

I H,C-C-CH,|| W ||^^-p-CHJ| 
CH — C-CHsN' NCH< CH CH3 

CHa— CHz 

Fig. 4. 
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The structures shown are in accord with the general theory concerning 
the formation of chelate compounds, confirmation of which has been obtained 
by various physical methods, including crystal structure analyses.^ 

The main point at issue in the present work, however, relates to the character 
and orientation of the bonds by which the various organic groups are attached 
to the metal atoms. 

In order to arrive at a decision as to which of the various alternatives (as 
regards orientation and bond character) obtains in a given complex, the measured 
magnetic moment of the metal atom (see Table I) is compared with that predicted 
by Pauling and Huggins (1931) for the different bond types. A portion of the 
table of predicted moments, relevant to the present work, is reproduced in 
Table II below. 


Table II. 


Electron Spins Predicted Jor Different Bond Types (Pauling and Huggins). 


Metal Atom. 1 

For ionic or 
sp® tetrahedral 
bonds. 

1 

For square 
dsp® bonds. 

For octahedral 
dsp® bonds. 

Niii 

2*83 

000 

— 

Cun 

1 73 

1-73 

— 

Con 

3-88 

1-73 

— 

Coin 

4-9 

2-83 

0-00 


The sixth column of Table 1 shows the magnetic moments of the metal 
atoms as deduced from the data tabulated in the preceding columns of the 
table. These moments will form the basis of the discussion to follow. 

Experimental and Notes on Table I. 

Preparation of Compounds. — The methods of preparation employed were substantially those 
used by earlier workers. In preparing (I), (II) and (III) optically inactive propylene- 
diamine was used. The formyl ciunphor used in the preparation of (V), (VI), (VII), (VIII), 
(IX) emd (X) was prepeured from synthetic camphor emd was therefore optically inactive. In 
order to check its identiUcation and purity, each compound was analysed for metal content. 
The results of the analyses which were kindly carried out for me by Dr. G. Burger of the Uni- 
versity of Adelaide are set out in Table III. 

Magnetic Measurements. — ^Magnetic susceptibility measurements were made by the Gouy 
method, a detailed account of which has been given by Sugden (19326). 

In calculating magnetic moments the substances were treated as magnetically dilute ” ; 
Curie*s Law was assumed to hold good in each case. Owing to the smallness of AW for the 
diamagnetic compounds (I), (TV) &ad (IX), and the consequent imcertainty in x, calculations of 
molar susceptibilities and moments for these compoimds have been omitted. 

Absorption Measurements. — These were made by means of a Hilger-Nutting spectrophoto- 
meter. Full details of the method used have been given by Twyman and Allsopp (1934). 

^ Relatively few crystal analyses have been made on internal complexes, the type of compound 
with which this communication is mainly concerned. It is therefore of interest to note that 
confirmation (Peyronel, 1941) of the theory of internal complex formation has been obtained 
with the recent complete determination of the crystal structure of N-N^ dipropyldithiocarbamate 
nickel. In this diamagnetic substemee nickel is square coordinated. 
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Table 111. 


Substance. 

% Metal 

Found. 

% Metal 
Calculated. 

I. Cj^HieOjiNaNi 

17*4 

17*3 

II. CX 7 H 19 O 2 N 2 C 0 

17*2 

17*4 

III. CiyHieOjNjCu 

18-6 

18*6 

IV. C2oHi202N2Ni 

1.5-7 

16-76 

V. C„H,o04Ni 

14-4 

141 

VI. C2aH8o04Co2H20 

12-9 

130 

VII. CMHjoO.CuC^HgOj 

1 C 

2 

12*6 

VIII. CjaH^jOeCo 

9-75 

9-88 

IX. C84Ha40aN2Ni3H20 

11-9 

11-9 

X. Ca4H840aNaCu2H20 

13-2 

13-2 


The Stkucture of Metal Complexes as Determined from 

Magnetic Data. 

Nickel. 

The compounds of nickel fall into two classes, the first of which includes 
compounds (I), (IV) and (IX), which are diamagnetic. In these three com- 
pounds, the four bonds linking the nickel atom to the chelate molecule are 
both covalent and coplanar. This conclusion is consistent with the fact that 
all attempts to resolve compound (XI) (see Pig. 2b) which, except for the sub- 
stitution of a carboxyl group, is identical with (IV) (Pig. 2a) have failed (Pfeiffer 
et al., 1938). If nickel is square coordinated in (XI) resolution into optical 
isomers is impossible. 

The magnetic data also make it clear why Pfeiffer and his collaborators 
failed to resolve bis-salicylaldehyde-propylenediimine-nickel (I) when prepared 
from bis-salicylaldehyde nickel and optically inactive propylenediamine. If 
the bonds about the nickel atom in bis-saUcylaldehyde-propylenediimine-nickel 
were tetrahedrally oriented, the following isomeric forms would be theoretically 
possible : dD ID 

IL dL 

D and L refer to the configuration or the nickel atom, d and 1 to the con- 
figuration of the asymmetric carbon atom (asterisked in Pig. I). Eepeated 
fractional crystallisation failed to bring to light any isomeric forms and Pfeiffer 
(1938) thus concluded that the nickel bonds were coplanar. 

The only paramagnetic nickel compound studied in the present work was 
bis-formylcamphor-nickel (V), the susceptibility of which indicates that the 
nickel atom contains two unpaired electrons. Although the prediction 
(Pauling, 1931) regarding the structure of paramagnetic nickel complexes has 
not yet been very satisfactorily verified by either chemical or physical methods,® 
it is concluded that, in bis-formylcamphor-nickel, the metal atom is tetra- 
hedrally coordinated. 

*The high electric dipole moment of paramagnetic [Ni(NO()t(Et,P)|] (Jensen, 1936) can 
be accounted for by assuming that the complex possesses a tetrahednd - configuration. 
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Cobalt. 

Bis-salicylaldehyde-propylenediimine-cobalt (II) has a moment of 2 • 4 Bohr 
magnetons which, when due allowance is made for orbital contribution, indicates 
that the cobalt atom contains one unpaired electron ; this is the number of 
unpaired electrons predicted (Pauling, 1931) for square coordinated Co“. The 
planar structure of tetracovalent cobaltous complexes with one unpaired electron 
has not yet been verified by other physical methods or even by the synthesis of 
isomers, but the success, to date, of the stereochemical predictions based on 
magnetic data, for other metals, makes the planar structure of bis-salicylal- 
dehyde-propylenediimine-cobalt fairly certain. 

Bis-formylcamphor-cobaltn dihydrate (VII) is, by the magnetic criterion, 
an ionic complex, that is to say, the bonds linking cobalt to the surrounding 
oxygen atoms (octahedrally arranged) are predominantly ionic in character. 
The effect of this type of linking on certain optical properties of the compound 
will be discussed in a later section of the paper. 

Tris-formylcamphor-cobaltni is weakly paramagnetic,® and in this respect 
it resembles tris-acetylacetone-cobalt®* (Takagi and Ishiwara, 1914). The 
paramagnetism of both these compounds is too small to be accounted for by 
unpaired electron spins in the cobaltic atom and is to be attributed to unquenched 
orbital moment. The cobalt atom in tris-formylcamphor-cobalt^H forms 
d®sp® bonds with the six surrounding oxygen atoms, as in potassium cobalt- 
ioxalate (Johnson, 1932). 

Copper. 

While magnetic data enable one to distinguish between cupric and cuprous 
copper, the latter of which is tetrahedrally coordinated, they do not permit 
one to draw any conclusions about the configuration of the cupric atom. There 
is, however, much evidence, chiefly from the X-ray analysis of crystals, to show 
that cupric copper forms square comph'xes. Square complexes have been found 
in the crystals of K 2 CuCl 42 HaO (Chrobak, 1934), CuCl 22 H 20 (Harker, 1936), 
CuO (Txmnel, Posnjak and Ksanda, 1935), CuSOjAHjO (Beevers and Lipson, 
1934), CuPyaCla (Cox, Sharatt, Wardlaw and Webster, 1936), and Cu(C 4 H, 02 ) 
(Cox and Webster, 1935). In the absence of factors known to change this 
form of bond orientation, Cu^ will show uniform stereochemical behaviour, an 
assumption that can equally well be applied to other atoms such as Pt, Pd, Au, 
etc., for which square coordination has been firmly established. If a metal 
atom is to form square bonds, a d orbital must be available for bond formation. 
Although this is a necessary condition, it is not a sufficient one. The two 
disturbing factors at present known are steric effects of the kind observed in 
complexes formed with certain substituted pyrromethenes (Porter, 1938 ; 
Mellor and Lockwood, 1940), and also effects arising from pronounced electro- 
negativity differences* between the bonded atoms, ^^obably the more generally 
concerned factor is the electronegativity difference between the metal atom and 
the four surrounding non-metal atoms. Certain metal at oms, XP* Co^* and Mn", 
for example, are more sensitive to electronegativity differences than others, 
in so far as the effect of such differences on the bond type is concerned. With 
the possible exception of its compound with phthalocyanin (Klemm and Senfr, 
1939), no instance of a square Mn“ complex has yet been reported ; instances 
of square bonding are fairly common among the compounds of Ni and Co and 
quite common among those of Cu“. As already pointed out, Cu“ forms square 
bonds in CuO, CUSO 45 H 2 O and CUCI 22 H 2 O ; in the analogous compounds 
of 0o“ and Ni“ no such bonds are found. It is only in the case of extreme 

* I am indebted to Mr. D. F. Craig for the preparation and measurement of this substance. 

*The term electronegativity is here used in the sense defined by Pauling (19i0). 

N — NovemDer 5, 1941. 
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electronegativity differences between the bonded atoms, as between Cu“ and F, 
the most electronegative of all atoms, that square coordination of Cu“ fails to 
appear. Thus CuFg is an essentially ionic crystal with the fluorite structure. 
(Ebert, 1931.) Palladium is similar to copper in regard to its tendency to form 
square bonds, the only exception being PdEg, which has the rutile structure. 
(Ebert, 1931.) Since neither steric nor electronegativity factors are likely to 
affect the bond type in bis-salicylaldehyde-propylenediimine-copper (III) and 
bis-formylcamphor-ethylenediimine-copper (X) it is concluded that in each of 
these compoimds the copper is square bonded. 

The Structure of Metallic Complexes in Relation to the 

Cotton Effect. 

It is in regard to the structure of the compounds containing optically 
active chelate groups that the conclusions based on magnetic data fail to accord 
with those based on rotatory dispersion measurements. The situation is briefly 
this. Pfeiffer and his collaborators (1938) infer that, because bis-salicylaldehyde- 
d-propylene-diimine-nickel shows the Cotton effect, the Ni atom is tetrahedrally 
coordinated. This latter inference is based on the assumption that for the 
Cotton effect to appear, a molecule like that of (I) must contain, in addition to 
the asymmetric carbon atom, a chromophoric metal atom — also with an 
asymmetric (tetrahedral) configuration. The inactive form of (I) which contains 
equal numbers of d and I asymmetric carbon atoms is diamagnetiv. (See Table I.) 
This simply means that in the molecule of (1) the four bonds to the nickel atom 
are coplanar, irrespective of whether the molecule contains a d ov I propylene- 
diamine residue. 

French and Corbett, making use of the same assumption, viz. that the 
existence of a tetrahedrally coordinated chromophoric metal is necessary for 
the production of the Cotton effect — have come to the conclusion that nickel is 
tetrahedrally coordinated in paramagnetic bis-d-formylcamphor nickel. In 
other words rotatory dispersion measurements have been used to show that 
both para and diamagnetic nickel complexes contain tetrahedrally coordinated 
nickel. 

Two important questions seem to be involved here : 

(1) There is first of all the question as to whether the metal complexes with 
anomalous rotatory dispersion really show the Cotton effect. 

(2) Assuming that the Cotton effect appears in diamagnetic nickel com- 
pounds, the question then arises as to whether there is not some way of accounting 
for its appearance which does not involve the assmnption of a tetrahedrally 
coordinated nickel atom. In attempting to answer these questions it is necessary 
to consider briefly the nature of the Cotton effect itself. 

The Cotton Effect. 

Three phenomena are associated with the Cotton effect. A substance 
exhibiting it shows (a) anomalous rotatory dispersion ; (b) zero rotation in the 
neighbourhood of the maximum of an absorption band ; (c) circular dichroism 
with the maximum ellipticity in the region of zero rotation (or maximum 
absorption). Measurements of circular dichroism afford the most certain 
means of detecting the Cotton effect (Bruhat 1930), but, in their absence, 
measurements of both absorption and rotatory dispersion may be used. 

With regard to the first question mentioned above it should be pointed 
out that, in general, anomalous rotatory dispersion is caused by the super- 
position of normal rotations of opposite sign and unequal dispersion. These 
rotations may have their origin either in the same molecule or in different 
molecules (Lowry, 1936). Anomalous rotatory dispersion is shown by a solution 
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made by mixing two colourless liquids with opposite rotatory power and unequal 
dispersion (Biot, 1836), but such a solution does not show the Cotton effect. 
For the Cotton effect to appear, the two rotations must have their origin in 
the same molecule ; furthermore the rotatory dispersion must be anomalous 
in the region of an absorption band originating in tlie optically active molecules. 
A solution of sugar coloured with magenta, for example, does not show the 
Cotton effect (Cotton, 1895). 


The Cotton Effect in Diamagnetic Nickei Compiexes. 

Pfeiffer and his collaborators relied on rotatory dispt'rsion measuiu*- 
ments alone to detect the Cotton effect. It is clear from what has been said 
above that their dispersion studies need supplementing with absorption measure- 
ments before the existence of the Cotton effect can be considered as established. 
Moreover, it is necessary to 
show that the bands in which 
the Cotton effect occurs are 
due to the presence of the 
metal atom in the molecule. 

The author has therefore 
studied the absorption of 
several of the metal com- 
plexes in the visible region 
by means of a Hilger- 
Nutting spectrophotometer. 

The absorption spectra 
for two nickel complexes, 
viz. (a) bis-formylcamphor- 
ethylenediimine-nickel (IX), 

(b) bis - salicylaldehyde - 
propylcne-diimine-nick(>i (1) 
are shown in Figs. 5 and (i 
respectively. Absorption 
measurements were made on 
optically inactive compounds, 
but this introduces no 
difficulties since, as Brode 
and Adams have shown 
(1925), optical enantiomorphs 
are characterised by identical 
absorption spectra. From Fig. 5 it can be seen that t he dispersion curve crosses 
the axis of zero rotation at a wave length very elos(‘ to that of the maximum 
of the absorption band. The dispersion data for bis-salicylaldehyde-d-propylene- 
diimine-niekel (see Pig. 6)® were not continued sufficiently far towards the 
ultra-violet to allow the dispersion curve to cut the axis of zero rotation, but 
a rough extrapolation showed that it would most likel.y do so in t he neighbourhood 
of 4,500 A., which represents a distance of 450 A. from the head of the absor])tion 
band at 4,050 A. Differences of this order, between band head and wave lengtli 
for zero rotation have been observed by Mathieu (1936) in his stud.v of the 
Cotton effect among cobaltic ammines. 

There are several important features to be noted in Figs. .5 and 6. In 
the former, the band with a maximum at 6,200 A. is definitely due to t he presence 



WAVE length in A 


Fig. V.- 


-Ethylouetiiimme-formyl-camphor-nickt^l 
0*0086 M in methyl alcohol. 

Absorption 

Rotatory dispersion — (data from 

Pfeiffer’s paper). 


® I am indebted to Dr. J. E. Mills for permission to publish the data relating to the ultra- 
violet region in this diagram. These data form part of a joint investigation of the absorption 
spectra of para- and diamagnetic nickel complexes, a short aocoimt of which is shortly to appear 
in J, Amer. Chem, Soc, 
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of Bickel, since the colourless metal-free compound shows no absorption in this 
re^on. The Cotton effect for bis-formylcamphor-ethylenediimine-nickel (IX) 
(Fig. 5) therefore, occurs in a band* which arises from the presence of the nickel 
atom in the molecule. This is an important point, since, as will be shown later, 
a metal complex may show the Cotton effect in a band not necessarily due to 
the presence of a metal atom. 

The effect of introducing a nickel atom into bis-salicylaldehyde propylene- 
diimine is clearly shown in Fig. 6, where the curve on the extreme right repre- 
sents the absorption of the metal-free compound, while the curve adjacent to it 
represents the absorption of the metal containing compound. The band with a 
maximum at 4,050 A. is clearly associated with the presence of the metal atom. 
In neither bis-salicylaldehyde-propylenediimine nor its nickel compound are 
there any bands in the visible region comparable in strength with those of the 
violet and ultra-violet. It will be noted that the strong band of bis-salioyl- 
aldehyde-ethylenediimine (I) with a maximum at 3,200 A. is shifted to the red 
(to 3,400 A.) in the metal compound. 



F ig. VI. — Propylenediimine-bie -salicy laldehy d© -nickel . 

0* M in ethyl alcohol. 

Absorption Rotatory dispersion — (Pfieffer). 

Propylenodiimine-bis-salicylaldehyd© absorption 


The combined dispersion and absorption measurements show that both 
compounds (I) and (IX) show the Cotton effect, notwithstanding the fact that, 
being diamagnetic, they both contain square coordinated nickel. Some explana- 
tion other than that which postulates the existence of tetrahedrally coordinated 
nickel must therefore be sought to account for the appearance of the effect. 

At the outset it must be stated that it always seemed inherently improbable 
that the mere presence of an asymmetric carbon atom in a compound like 
bis-salicylaldehyde-d-propylenediimine-nickel should cause the nickel to change 
from square ,to tetrahedral coordination as suggested by Pfeiffer et al. (1938). 
There is no difficulty in accounting for the optical behaviour of this and related 
compounds in another way. 

Some years ago Lowry and Walker (1933) put forward the view that 
“ chromophoric groups can exhibit ‘ induced asymmetry ’ as a result of which 

* The band at 6,200 A. ia not the only one which can be attributed to the nickel atom ; 
another and much stronger one occurs at 3,860 A. 
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they themselyes become optically active when coupled sufficiently closely to 
an asymmetric complex.” This hypothesis was based upon the observation 
that “ the dispersion equations of camphor and its derivatives are haunted 
by a low frequency term the period of which is definitely characteristic of the 
ketonic group ”. In order to account for the occurrence of the Cotton effect 
among the planar (diamagnetic) complexes of nickel, it is suggested that the 
chromophoric nickel atom exhibits “induced asymmetry ” when linked to an 
asymmetric chelate group, in the same manner as the ketonic group in camphor 
derivatives. As will be indicated in a later section, it seems essential that nickel 
be bound to the asymmetric chelate group by covalent bonds, if the Cotton 
effect is to appear. 


A similar explanation can be given in regard to the appearance of the 
Cotton effect in the covalent complexes of Cu*' and Co“, although it, should be 

pointed out that evidence 

for the planar configura- 
tion in the complexes of 
these two metals, especially 

the latter, is not so *“ 

complete as it is for / \ / 

nickel. From the argu- / \ / 

ments already outlined, S-~. / \ | 

however, there is strong | / / \ « ? 

indirect evidence for the S ^ \ » 

planar distribution f H / / \. « H 

bonds about copper (Cuii) | / / \ *** 5 

and for this reason | / / “ f 

were extended to the com- •“» / ./ « ? 

pounds bis - formyl- / / « I 

camphor -ethylenediimine- / m 

copper (X) (Fig. 7) and ^ 

bis - salicylaldehyde - pro - — — ' _ 

pylenediimine - copper **“ 

(III). From Fig. 7 it 

can be seen that the former VII.— Ethylene-diimino-bis-formyl-oamphor-copper. 

compound has an absorp- .. o ooi47M in .sobutyi aicoboi. 

tion band the maximum RSn*"" (data from Pfeiffer’s paper). 

of which IS in the close 


Fip. VII. — Etbylene-diimino-bis-formyl-oampbor-copper. 
0-00147 M in isobutyl aloobol. 

Absorption — 

Rotation (data from Pfeiffer’s paper). 


neighbourhood of the point where the dispersion curve cuts the axis of zero 
rotation. Owing to the slight solubility of (III), molecular extinction coefficients 
for this compound could not be satisfactorily determined. Measurements on 
supersaturated solutions, however, show that the substance possesses a band 
with a maximum at 5,650 A., whereas, from the rotary dispersion curve, a 
maximum would be expected in the neighbourhood of 5,700 A. It is clear, 
then, that these two copper compounds also show the Cotton effect notwith- 
standing the fact that there is a planar distribution of bonds about the copper 
atoms. 


The Cotton Effect In Paramagnetic Nickel Complexes. 

While most of the compounds described by Pfeiffer et al. (1938) showed 
anomalous rotatory dispersion in the visible spectrum, there were one or two 
notable exceptions, e.g. bis-formylcamphor-nickel (V). This compound shows 
no Cotton effect in the visible region of the spectrum (Pfeiffer et al., 1938). It 
is not surprising, therefore that the absorption of a dilute (0 006 M.) alcoholic 
solution showed no marked absorption bands in the region 7,000 A. to 4,300 A. — 
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at least, no bands with intensities comparable to those of bands due to the 
presence of the nickel atom in covalent complexes. In this respect nickel- 
formylcamphor solution resembles aqueous solutions of paramagnetic nickel 
compounds containing hydrated or ammoniated nickel ions which show only 
bands of very small molecular extinction (e=10) (Ley, 1927, and Bjerrum, 1941). 
Bis-formylcamphor-nickel (V) has also been reexamined by French and 
Corbett (1940), who have extended both absorption and dispersion measurements 
well into the ultra-violet. These authors record a band maximum at 3,172 A. and 
also a rotatory dispersion curve which crosses the axis of zero rotation at about 
this point. On the basis of this observation French and Corbett conclude that 
in (V), nickel is tetrahedrally coordinated. While the compound shows the 
Cotton effect, it is by no means certain that the band in which the effect appears 
is one which can be attributed to the presence of the nickel atom. 

Thus formylcamphor itself has a band, the maximum of which is at about. 
2,630 A. and a second band with a maximum at less than 2,400 A. (Lowry and 
Southgate, 1910). In sodium formylcamphor the former of these bands appears to 
be shifted so that the maximum is at 3,000 A., while the position of the second 
band (in the sodium salt) cannot be fixed from the published data. The 3,172 A. 
band observed by French and Corbett for bis-formylcamphor-nickel may well 
be a band due to formylcamphor itself shifted from its position at 2,630 A. by 
the presence of the ionically bound nickel in much the same way as it is shifted 
to 3,000 A. by ionically bound sodium. In view of the uncertainty of the origin 
of the 3,172 A. band and also the fact that square (diamagnetic) complexes 
show the Cotton effect, it is clear that the optical studies of bis-formylcamphor- 
nickel (V) so far, reveal nothing about the orientation of bonds about the nickel 
atom in this compound. 

The Cotton Effect and Bond Type. 

There is some evidence that occurrence of anomalous rotatory dispersion 
among metallic complexes is related to the nature of the metal t o non-metal 
bonds occurring therein. The nickel-oxygen bonds in bis-formylcamphor are 
predominantly ionic and, from certain regularities already noted in magnetic 
studies of nickel compounds, the same may be said of the nickel-oxygen bonds 
in bis-benzoylcamphor nickel which, like the formyl complex, shows normal 
rotatory dispersion in the visible region. In this connection it is interesting 
to note some observations made by Lifschitz (1923) on closely related cobalt 
compounds. Lifschitz states that bis-formylcamphor-cobalt (Oo“) shows no 
Cotton effect. On the other hand the tris cobaltic compound does show the 
Cotton effect. Magnetic measurements indicate that in th(‘ cobaltous compound 
the Co-0 bonds are predominantly ionic (see Table I), while in the cobaltic 
compound the corresponding bonds are covalent.. Other instances could be 
quoted to show that the Cotton effect is absent in ionic metal complexes.’ The 
whole question of the appearance or non-appearance of the Cotton effect is 
closely lied up with the differences between the absorption spectra of ionic and 
covalent’ metal complexes. The two ionic complexes which fail to show 
anomalous rotatory dispersion in the visible region, viz. the nickel and cobaltous 
compounds of formylcamphor, also fail to show any absorption bands in that 
region — at least any bands of intensity comparable with that found at 6,200 A. 
in diamagnetic bis-formylcamphor-ethylenediimine-nickel (Fig. 6). 

The Usefulness of the Cotton Effect in Stereochemical Studies. 

It would be premature to generalise at this stage, but as far as the metal 
compounds studied in this paper are concerned, it appears that the manifestation 

’ The terms ionic and-or covalent here refer to the metal-non-metal bonds. 
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of the Cotton effect does not depend on th(‘ ori(*ntation of valence bonds about 
the chromophoric metal atom but on the character of these bonds, that 
is whether they are predominantly covalent or ionic.® Bond character may 
determine bond orientation, as in the case of the nickel atom and in so far as this 
is true, the Cotton effect may be useful in determining structure. There are, 
however, indications that the determination of bond character may be achieve(l 
by a study of absorption spectra alone. Definite differences have aln^ady been 
noted in the absori)tion spe(‘lra of certain dia- and paramagnetic complexes of 
nickel® and in the limited field so far explored, bond type and orientation can bi^ 
determined without recourse to the more diflicult measurenumls of rotatory 
dispersion. 
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Summary. 

Magnetic susceptibility measurements are used to determine the orientation 
and character of the bonds uniting metal atoms to various organic molecules. 
It is shown that the certain square coordinated complexes of nickel and copper 
exhibit the Cotton effect in bands due to the presence of the metal atom. The 
Cotton effect is attributed to the fact that the chromophoric metal atoms exhibit 
“ induced asymmetry ’’ when linked to asymmetric chelate groups. The 
possibility of using Cotton effeci studies to determin(^ the character and orienta- 
tion of chemical bonds is briefly discussed. 
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ON THE FREQUENCY OP THE PRIMES. 
By F. A. Beiibend. 

Communicated by Professor H. S. Carslaw. 
(Manuscript received, November 4, 1941. Read, December <3, 1941.) 


k, m, n denote integers, p denotes primes. J. S. Broderick*' • recently 
proved a theorem, equivalent to that of Chebyshev on the distribution of primes, 
by methods which involve only the elementary properties of the integers' 
Instead of the transcendental function log n he uses the numerical function 


“ 1 

X(tt)= S-, 

e = l V 

and proves that the number T:{n) of primes not exceeding n satisfies the inequality. 


( 1 ) 

and 

(^) 




Simplifying Broderick's x)roof T obtained'*’ the better estimate 

(3) (ny2)* 

Following up more rigorously the lines of my proof, T show in this paper that 


(^) 




This estimate is easily deduced from tlu* formula 


(r») 

when* 

(6) 




(n'-'t!) 
(n > 2) 




I: ( 


(>=-i 


which means that, for large n, 

(7) I e. 

where 

(3) Urn (x(«) [--log 21- 


(») 


(7) corresponds to the well-known result 

log 2 lim inf n(n) lim sup Tc{n) ”< 2 


log 


1. Entimates for X(m) and (a(«). 

(10) X(rt)-fX(m)— l^X(Jim)<X(n)-t-X(w) («>1, 

Proof : The left hand inequality holds for n -=1 and m> 1. Using induction, 

X((»+i)«l)=X(«w)H + +- - - 

" ' nm+l nm+m 

>X(rt) fX(»»)-l-f — - =X(n-fl) I X(m)-- 1. 
nm+m 


Mn) 


* By a slight alteration of the proof the sharper inequality | <7r(«) ean i)e obtained. 


O — December 3, 1941. 
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On the other hand, 


X(nm)=^l+| + . . +(-^i + - • + +([m^n+i + • ' +in) 

<X{n)+l+- + . . +— <X(«) +X(w). 

By repeated application of (10), it follows that 

(11) &(X(»)-l)+l<X(n‘')<fcX(n) (n^l, fel), 

whence, for n—2, 

k “ik 

(12) (k^l) 


X(2«')=1+2 + (5+j) +• • 


+1+--+2- 


(12) can be sharpened to 

(12') ifc+l<X(2k)<lc+l 


(k>0). 


Another estimate for X(2‘') can be obtained by using the identity 
(13) X(2w)=X(«)+(A(2n) ' (w;>l); 

we have 

X(2k)={jt(2k)+(ji(2k-i) + . . +(x(2)+l, 
hence, as ( 1 ( 2 %) is increasing with %, 

X(2k)<*:(i(2k)+1 (l->0). 

On the other hand, as (i(2w— 1) >(i(2%) («*>!» n>l), 

X(2k)=(i(2'') + |(i(2k 1-1)-^^^-; ..+|,a(2-l)-ij+l 


>%(2k)+l 


-.,^>^(2“) (*>0); 


thus 

( 12 ") 


4:[i(2'‘)<X(2k)<A:(i(2'‘)4-l 


(fc>0). 


It is easily cah;ulated that (i(25)<^ and [i(2())>-, lienee 


( 14 ) 

(15) (i(2rt):'| 

It should also be noted that 

(16) X(w). X(n) - . 

' ' ' for w<w. 

m n 


(«> 1 ), 


(»:>io). 


2. Estimate for n{n). 
We have. 


! /2%\ (2%) ! , . _ , 

7t p I 1=-,— , Tupf («c2;l). 

n<p^2n ! \ ^ / **■ * ^ • p'^2n<p'+' 


since (i) the primes with n<p<2n divide (2«) ! but not n ! ; and (ii) p divides 
to the power 


each element of the sum being <1. 
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Hence 



(18) 

^7t(2n)-nr(n) <[ 

i“^\< TtP*’ < (2»)"<*“> 


n<p^2n 

\ / p^2n 



(«^i). 

Now 



( 19 ) 


(n^l) ; 

for 


. (211 1)^ Q2n 


\n j 1.2.3... 

n 

and 

/2n\_^n 3-5. .. . 



n' 


n 2n 


( 20 ) 

(21) 


By (18) and (19) 


2*"< (2n)’'<®">+^ 
7r(n) 


(»>--!) 

('W>1).* 


3. Lower bound for 7t(n). 

Let »=2m; then, by (12"), (20) and (11), 

(22) 2m(i.(2*"‘)<X(2*n>)<X((2m)’'<‘*®>+»)<(7t(2m)+l)X(2m) (m>l). 


2m ^ 2m 


i.e., 

(23) 

Also, for »=(2w— 1), 7c(2m— 1)— 7r(2m), whence, using (10) and (23), 

(24) 7i:(2ot -1)^-^^^^-^ > •rt(2m)^-5f*"^ > ^{2^^) > (j.(22m-i) ‘ 

' ' ' ’ 2m— 1 ^ ' 2m ^ 2m ' 2m— 1 

By (23) and (24), 


(25) 


« r-' ' n 


(m^2). 

(n>2). 


4. Upper bound for iz{n). 
(26) 

Proof : 

(i) 2<n<8 : 


,(„)^W<2^(2.)+^^ 

x(«)^'<M8)^<2-=4|=3, 


2[l(2'»)+^>^^; 


10 


>; 


10 


-i2>3 

— 1 <J 


(n^2). 


X(n) X(8)-3[i(8)+l 3 . 1+1 13 
using (16), (12") and (14). 

/i«,M8)^«3(x( 8)+1^^3 . f+1 39 
(u) 8<; w< 16 : n{n)—-- <7t(16)-g- <6-^^^^-^ <6 -* =jg. 


2(Ji(2“) 


n 


10 


> . 


10 


^5 >39 


X(«) X(16)^4(x(16)+1 4.1+1 2 16‘ 

,...v , Mn)^ ,,-,X(16) ,_4a(16)+l ,, 4 . i+1 11 

( 111 ) 16<»<32 : 7t(«)4r <7t(32)~— <11 “^11 — ==- 3 -, 


n 


10 4 

2(i.(2“)+.4^>l 


10 >4 


16 

10 


16 


>1 


10 


__ „ ^i+!o>3>ii 

X(n)"3'^X(32)^3^5(ji(32j+l' 3^ 6 . J+l 3^19 4’ 


* For (17), (IB), (21) compare, e.g., the proof of Theorem 112 in Landau^s Zahlentheorie, 
P — December 3, 1941. 
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(iv) 32<n<64: 

o /on^ 1 I 10 , 10 20^18 

^+Xfn)^3“''X(6T)^3'^6fi(64)+l s'^e". J+i“3"''ll^ 7 ' 

(V) 64:^ »< 128 : < n{128)^^^ 31 ^^^^-^ - ^^ <32®-i^±l =J1 

n o4 o4 o4 4 


2.12.)+ “ + >i+ 1° >j+_j«^ 

.R. 'Tx(n) 3 X(128) 3^7(1(128)+! 3 5 

• * 7 ‘ ^ 


=3>- 


(vi) w=2»»^128: 

Proof by induction : by (11), (21), (12"), 

(27) (7t(2m) -7c(m))(X(m) -1) <X(m"<*®>-”‘"'>) <X(22®)< 2»»fi(2*"‘) +1, 


whence 

(28) 

i.e., by (13), 


. .2m(x(2*®)+l , , . 


X(m) X(2«0 
m ■ 2X(w) 


X(2w ) 

2X(m) 


(29) +,2«)^f.~><A<^J-(|X(2»»)+:l)+x(»)^'-’”» . 

' ' '' 2m X(m)— 1\'^' 2mJ ' ' m 2X(w) 

+Mml _i(l‘(2‘")(l4(2».) +1)+ Hi- ) 

< W‘“) +xtL)-(xHi^-i(i“"‘"'W^> +» +T» ’) 

+X^.(„2»)„2-)+5^!^))t 
-Vl ®+l ®+l 

Mm)-i ^■^X(w)-l ^^■^X(64)-l^^'^H[x(64)-l^^'^g 2_^ 7 

3 


• 3 

7 ^+1 

/Qo. <M1^8) 7|^128) +1 • 7^ _£ 

' ^ 2m 128 i28 128 64’ 

whence, 

/004 . ^^ll/'** 12. 3 \, 33/6 5,.33\.,- 1 
(33) ( ^"^7(7 • 7'^64)'^28(7 ’ 7'^®28)^^® 3 
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By (29) and (33), 

(34) :c(2w)-^^^<2(ji(22«»)+,-^<2{i(2!^»») ' 


X(2w) 


X(2m) 


(vii) n —2m +1 > 128 : 


/OKS /O ,is^(2m-fl)^, ,, . ,,.X(2w+l)^ ,X(2w) , X(2m+1) 

(35) M2m +1) ^ (x(3».) +» + -k+T 

•r 2(ji(2*m) H ^ 

'^X(2ot)^ 2m +1 


•:2{i(22">+»)+- 


Now, 

(36) 

X(2m+1) 

X(2m) 


— - ^/lO — -V 

X(2m+1)(\ 3/ 


X(2m +1) X (2m+ 1)^ ^ 
>^2m) 2m + 1 i| 


'^■^(2m+l)X(2m) * ^'^129X(128) " ^"^129 . 7(i.(128) 


129 . 7 . ; 


■^602’ 


,.X(128)^ a(x(128)+l)\^ 
2m +1 ^ 128 128 


(’■H 35 ) 


128 


128 32 ■ 


By (36), (37), 

(38) i . . . . I < (lO -i) (l + A j +1 < i„ _* +i. +1 <10, 

X(2m+1) 


hence, from (35), 

(39) 7r(2m+l) 


-.2u.(2‘'^"»+i)4_ 

2m +1 ^^X(2m + 1) 


This proves (26) for all w>2. (25) and (26) establish (5). 


5. Proof of (4). 

By (i)-(v) 

(40) 

Also, 128 < «; :256 : 


7t(rt)^^**^^ ■ '3 for 2 A«<^ 128. 
n 


5 

. .X(-«) . .-_.X(128)^^J(jl(128) + 1 81 

7 r ( a )--- - 7 .( 256)-^^23 128 ' ‘ '^^-128 == 32 '^'^’ 


256<«<512 : 


8 . ^ -fl 

/ - i-,o>(256) 8(x(256)+l 7^ .14 

n{n) ^ v7r(Dl2)-^-g-^- <97 ^ 100 - A3, 


512<»<1024 : 

Mn) <7t(1024)-^2-^172— 3^2“- “ 512 . 7 


9 . +1 
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and for «;^1024, by (26), 
Mn) 


10 ^10 


10 

7 ^10fA(1024) 


10 


7 'X(1024) 

<¥+h¥+|<3. 


Thus, (40) holds for all n^2. 
On the other hand, 

’'(2) 2 4^2’ 


6:Sn^8 : 
9:S»<16 : 


.(3)fb.(4)^-L^)=2 

>^(5)-8~=3 


7c{«)-~ >71(9) . -j^>4 


^ 1 
48^2’ 
761 
3 
3 


8 . 280>2 


17<n^32 : 
and for n^32, by (25), 


7u(«)-Ji>ir(17) . -f2^^>7 


Mm) >2 X(32) - 

nin) ^->fx(2«)--->---^ >g 3^ 


16^2’ 

1+^ 

^2 49 1 

32 ~64^'2’ 


5 . ®+l 2 


Hence 

(41) 

(40) and (41) establish (4). 


*(»)- >2 


Befebences. 

Journal London Math. Soc., 1939, 14, 303-310. 
•*’ Journal London Math. Soc,, 1940, IS, 257-259. 


in 1 

7 21^2' 

(n^2) 
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The Annual Meeting, being the five hiiii<lred and eighty-fifth General Monthly Meeting of 
the Society, was held in the Hall of Science House, Gloucester and Essex Streets, Sydney, at 

7.45 p.m. 

Professor A. P. Elkin, President, was in the chair. Eighty -five members were present. 
The minutes of the general monthly meeting of December 4, 1940, were road and confirmed. 

The following gentlemen were elected officers and members of the Council for the c^)ming 
year : 
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H, S. HALCRO WARDLAW, d.sc., f.a.c.i. I E. H. BOOTH, m.c., d.sc., F.inst.p. 
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ABSTRACT OF PBOCEEDINOS. 


The Annual Balance Sheet and Revenue Account were submitted to members by the Honorary 
Treasurer, and on the motion of Mr. M. B. Welch, seconded by Mr. R. H. Goddard, were adopted. 


THE ROYAL SOCIETY OF NEW SOUTH WALES. 
BALANCE SHEET AS AT 28th FEBRUARY, 1941. 


LIABILITIES. 

1940. 1941. 

£ £ s. d. £ s. d. £ s. d. 

Trust Funds — 

Clarke Memorial Fund — 

Balance as at 29th February, 1940 . . 1,71.5 14 7 

Add Interest for year ended 28th 

February, 1941 . . . . . . 68 12 7 


.3,081 

10 

156 

26,686 


£1,784 7 2 

Leas Expenses in connection with 1940 
Lecture — 

Printing £3 13 2 

Advertising . . 0 15 0 


Walter Burfitt Prize Fund — 

Balance as at 29th February, 1940 . . 

Add Interest for year ended 28th 

February, 1941 

Liversidge Bequest — 

Balance as at 29th February, 1940 
Add Interest for year ended 28th 

February, 1941 


661 

17 

9 

26 

9 

6 

703 

9 

8 

28 

2 

10 


1,779 19 


688 7 


0 


3 


£731 12 6 

Less Expenses in connection with 1940 
Lecture — 

Lecture Foe . . £42 0 0 
Printing 2 13 8 

Advertising . . 0 17 6 

— 45 11 2 

686 1 4 

3,154 7 7 

15 15 0 
124 0 0 
27,204 17 5 


£29,933 


Subscriptions Paid in Advance 

Provision for Unexpired Proportion of Life Membership Subscriptions 
Accumulated Fund 


£30,499 0 0 
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1940. 

£ 


214 

7,839 

14,590 


ASSETS. 


41] 

44 

19 

16 



£ 

s. 

d. 

Cash at Bank and on Hand — 

The Union Bank of Australia Ltd. 

48 

9 

10 

Commonwealth Savings Bank of Australia 

48 

9 

5 

Petty Cash 

3 

15 

7 

Bonds and Inscribed Stock — 

Bonds (Face Value £1,600) . . 

1,611 

5 

0 

Stock (Face Value £6,860) 

6,827 

11 

3 

Science House Management Committee — 

Payments to date 

Sundry Debtors — 

Subscriptions Unpaid 

197 

12 

10 

Less Reserve 

197 

12 

10 

Library 

Furniture 

454 

9 

9 

Less Depreciation written off 

20 

11 

5 

Pictures 

43 

15 

8 

Less Depreciation written off 

2 

3 

9 

Microscopes . . 

19 

8 

S 

Less Depreciation written off 

0 

19 

6 

Lantern 

16 

6 

0 

Less Depreciation written off 

0 

16 

6 


£29,933 


1941. 

£ 8. d. 

100 14 10 

8,438 16 3 
14,650 0 0 

6,800 0 0 
433 18 4 

41 11 11 

18 9 2 

15 9 6 

£30,499 0 0 


The above Balance Sheet has been prepared from the books of account, accounts and vouchers 
of The Royal Society of New South Wales, and is a correct statement of the position of the 
Society’s affairs on the 28th February, 1941, as disclosed thereby. We have obtained certific;ates 
showing that the whole of the Bonds and Inscribed Stock are held by the Society’s bankers for 
safe keeping. 

HORLEY & HORLEY, 

Prudential Building, Chartered Accountants (Aust.). 

39 Martin Place, 

Sydney, 18th March, 1941. 

(Sgd.) M. B. WELCH. 

Hon. Treasurer. 
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REVENUE ACCOUNT FOR THE YEAR ENDED 28th FEBRUARY, 1941. 


Year ended 
29th Feb., 
1940. 


Year ended 
28th February, 1941. 


£ 

£ 



£ 

8 . 

d. 

£ 


4 

To Advertising 


3 

6 

9 



30 

„ Cleaning . . 


32 

2 

6 



26 

„ Depreciation 


24 

11 

2 



6 

„ Electric Light and Gas. . 


9 

8 

2 



14 

„ Insurance 


14 

6 

1 



77 

„ Library Maintenance 


39 

12 

6 



56 

„ Miscellcuieous Expenses 


54 

11 

10 



259 

„ Office Salaries and Audit Fees 


283 

19 

6 



29 

„ Office Sundries and Stationery 


16 

6 

7 



119 

„ Printing . . 


115 

4 

7 



273 

„ Printing and Publishing Journal 


362 

4 

6 



6 

,, Repairs 


4 

13 

2 



49 

„ Stamps and Telegrams 


50 

19 

4 



17 

,, Telephone 


18 

14 

9 




„ Annual Dinner — 






55 


Expenses 

£34 19 8 





41 

14 

Less Received 

29 8 0 





— 




5 

11 

8 



979 


- 



— 

1,035 



„ Balance, being Net Revenue for the Year, transferred 






50 

to Accumulated Fund 

. . 




443 


£1,029 





£1,479 


7 4 


0 5 


Year ended 
29th Feb., 
1940. 


Year ended 
28th February, 1941. 


£ 

£ 




£ 

s. 

d. 

£ 

s. 

d. 


476 

By Members’ Subscriptions 

, 

, . 




531 

6 

0 


— 

,, Government Subsidy 

. 





400 

0 

0 

260 


„ Science House Receipts 



275 

0 

0 




16 


Less Rent Paid 

. , 


41 

16 

2 




— . 

244 






— 

233 

3 

10 


100 

„ Miscellaneous Receipts . . 






98 

9 

3 

297 


„ Interest Received 

. , 


307 

6 

3 






Less — 











Clarke Memorial Fund 

£68 

12 

7 








Walter Burfitt Prize Fund 

26 

9 

6 






120 


Liversidge Bequest . » 

28 

2 

10 









— 


— 123 

4 

11 




— 

177 




— 


— 

184 

1 

4 


32 

„ Proportion of Life Members’ Subscriptions 






32 

0 

0 

£1,029 







£1,479 

0 

5 
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ACCUMULATED FUND ACCOUNT FOR THE YEAR ENDED 
28th FEBRUARY, 1941. 


1941 — ^February 28 — 

To Arrears of Subscriptions, written off 
„ Balance Carried Down . . 


1940 — February 29 

By Balance from last Accomit 

1941 — February 28 — 

By Amount transferred from Bad Debts Reserve Account 
„ Science House Capital Account— Adjustment 
„ Net Revenue for the Year 


1941 — February 28 — 

By Balance Brought Down 


£ 

s. 

d. 

119 

1 

0 

27,204 

17 

5 

£27,323 

18 

5 

£ 

s. 

d. 

26,685 

15 

1 

134 

16 

0 

60 

0 

0 

443 

7 

4 

£27,323 

18 

5 


£27,204 17 5 


The Annual Report of the Council (1940-41 ) wiis read, and on the motion of Mr. A. R. Ponfold, 
seconded by Mr. A. D. Oll^, was adopted. 


Repobt of the Council (Rule XXVI), 1940-1941. 

We regret to report the loss by death of eight members since April 1st, 1940 : Mr. Frank 
Leverrier (1909), Mr. Henry H. Baker (1919), Mr. John Farrell (1910), Mr. John Patrick O’Neill 
(1932), Mr. Thomas Lindsay Willan (1921), Mr. Edmund Cooper Manfred (1880), Mr. James 
Nangle (1893), and Mr. George Henry Blakemore (1905). 

By resignation the Society has lost seven members : S. W. E. Parsons, Victor Marcus 
Coppleson, Frank Hambridge, Charles Vicars Potts, Elizabeth F. Lawrence, William Charles 
Wentworth, Percy Ash. 

Six members were written off the register of members. 

Sixty -two ordinary members were elected during the year. 

Anmuil Dimier , — In conformity with the precedent established tiuring the World War of 
1914-1918, it was resolved that the Annual Dimier should not be held during the present war. 

During the year beginning April Ist, there have been nine general meetings and ten Council 
meetings. The average attendance at general meetings was 53, and at Council meetings 14. 

Forty papers were read before the Society during 1940. The following short talks were 
given also : 

“ Highlights of a Recent World Tour,” by Mr. A. R. Penfold. 

” Submarine Canyons,” by Dr. G. D. Osborne. 

“The Early History of Wireless,” by Mr. G. G. Blake. 

Exhibits were shown by Professor A. P. Elkin and Mr. A. R. Penfold, whose ” glass textiles ” 
created great interest. 

Four Popular Science Lectures were given in the winter months, and all were very well 
attended both by members of the Society and the general public. 

July 18. — “ An Inland People of New Guinea,” by Phyllis M. Kaberry, M.A., Ph.D. 

August 15. — “ Insects and Disease in War-time, with Special Reference to Mosquito Biology,” 
by A. R. Woodhill, B.Sc.Agr. 

September 19 — ” Energy for Living,” by R. N. Robertson, B.Sc., Ph.D. 

October 17. — ” Romances of Chemistry — Coal Stockings and Glass Ties,” by A. R. Penfold, 
F.A.C.I., F.C.S. 

Symposium. — A very successful symposium on ” Potassium ” was held during the general 
monthly meeting of August. The spealcers were as follows : 

C. de Vahl Davis, B.Sc.Agr. : “ The Commercial Potash Situation in Australia.” 

D. P. Mellor, M.Sc. : “ Some Aspects of the Chemistry of Potassium, with special reference 

to Potential Sources in Australia.” 

N. H. Parbery, D.Sc. : “ Potassium in Soil.” 

R. N. Robertson, B.Sc., Ph.D. (vice Professor E. Ashby) : ” Potassium in Plants.” 

Mr. de Vahl Davis also showed a film entitled ” The Mining and Manufacture of Potash in 
Europe.” There was an attendance of 106 at the symposium, and the addresses delivered were 
later printed in pamphlet form for distribution to members and others who were interested. 
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Clarke Memorial Lecture, — ^The Clarke Memorial Lecture was delivered on June 14th, by 
Mr. E. J. Kenny, and was entitled The Geologist cuad Sub^surface Water.'’ 

lAversidge Research Lecture, — ^The third Liversidge Research Lecture to be given under the 
auspices of the Royal Society was delivered on October Slst, by Mr. G. J. Burrows, B.Sc., and 
was entitled “ Organic Arsenicals in Peace and War.’* 

Finance, — ^The finances of the Society as shown by the balance sheet are in a satisfactory 
condition. On the advice of the Finance Committee, an amount of £600 was invested in the 
Commonwealth War Loan during 1940. 

Government Grant. — The Government of New South Wales made a grant of £400 to the Royal 
Society of New South Wales for the year 1940. 

Science House. — ^The Royal Society has been represented on the Science House Management 
Committee by Mr. E. Cheel, who was appointed Secretary -Treasurer of the Committee, and by 
Mr. M. B. Welch, with Dr. C. Anderson and Dr. H. S. H. Wardlaw as substitute representatives. 

The Society’s share of the profits on Science House has been of the same order as that of the 
past two or three years. 

Paper Rationing, — ^In response to representations made by its officers, the Royal Society 
was granted exemption from the proposed rationing of paper adopted as a war economy by the 
Department of Trade and Customs. The Department, in granting the exemption, asked that 
economy in paper should be observed, as far as was consistent with the publication of papers on 
research. 

Alteration of Rules, — An alteration was made to Rule VIII. Other alterations, concerning 
a proposed postal ballot, were referred to a committee. 

Members on Active Service, — It was resolved to remit for the duration of the war the sub- 
scriptions of any members of the Society on active servicie with His Majesty’s Forces. 


The Library. 

Fxchanges. — ^The number of societies and institutions with which publications are exchanged 
has declined considerably owing to the entry of more countries into the war, or their occupation 
by the enemy. The present number of exchange societies and institutions is 268. Since the 
war began, 97 exchanges in all have been removed from the exchange lists, including societies 
and institutions in Germany, Italy, France, Belgium, the Netherlands, Norway, and Rumania. 

Accessions, — Owing also to war conditions the number of accessions has decreased by about 
one-quarter since the war began, namely from 3,317 for the year ended March, 1939, to 2,348 for 
the year ending March, 1941. 

Borrowers and Readers. — ^The number of readers who visited the library during the year was 
thirty-three, and sixty-three periodicals were borrowed by members and accredited readers. 
Periodicals were sent out on loan to the following societies and institutions : The University of 
Sydney (Fisher Library, Geological Library and Botany School), the C.S.l.R. (Division of Plant 
Industry, Canberra, the McMaster Laboratory, Sydney, and the Food Preservation Laboratory, 
Homebush), the British Medical Association, Sydney, the Broken Hill Proprietary Ltd., Newcastle, 
the Standards Association, the Australian Institute for International Affairs, Sydney, the Uni- 
versity of Western Australia, the Royal Society of Tasmania, and the Irrigation Commission, 
Sydney. 

Bookbinding and Purchase of Periodicals, — ^A number of periodicals have been bound at a 
cost of £8 11s. 6d. Periodicals have been purchased at a cost of £31 Is., the total amount for 
binding and purchase of books being £39 12s. 6d. 

Furniture and Fittings, — ^The portion of the library used as a reading room has boon greatly 
improved in several ways. The floor has been covered with linoleinn, and a carpet has been 
provided under the reading table. Comfortable chairs have been obtained, and a powerful new 
light for reading has been installed over the table. 

Shelving, — There is still considerable crowding on the shelves, and it is hoped to be able 
to dispose of a number of duplicates, which are now occupying valuable shelf space. 

A. P. ELKIN, 

President. 


The following donations were received : 798 parts of periodicals, and 32 whole volumes. 
The certificates of four candidates for admission as ordinary members of the Society were 
read for the first time. 

The President announced that the Clarke Memorial Lecture for 1941 would be given by Mr. 
C. A. SuBsmilch, the title of the lecture being “ The Climate of Australia in Past Ages.” 

The President announced that the Clarke Memorial Medal for 1941 had been awarded to 
Professor F. Wood Jones, of the University of Manchester, England. 
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Format of the Journal and Proceedings , — ^It was aanouncod that the Council was considering 
an alteration in the format of the Journal and Proceedings, to quarto size, in order to effect an 
economy in cost and in the amount of paper used, and also to bring the journal into line with 
other present-day journals. After discussion it was unanimously decided that the format be 
altered to quarto size. 

Election of Auditor . — On the motion of Mr. A. R. Penfold, seconded by Mr. E. Cheel, Messrs. 
Horley & Horley were reappointed as the Society’s auditors for the year 1941-1942. 

The President, Professor A. P. Elkin, delivered his address, entitled “ Science, Society and 
‘ Everyman 

Professor A. P. Elkin, the retiring President, then installed Mr. D. P. Mellor, M.Sc., as 
President for the year 1941-1942, and the latter expressed his thanks and his pleasure on taking 
office. On behalf of the members Dr. W. R. Browne expressed appreciation of the work of the 
retiring President, and of his interesting address. Professor Elkin briefly replied. 

Notice of Motion.- -M t. M. B. Welch moved 

That the Council be requested to appoint a committee to consider revision of the Society’s 
Rules.” 


May 7, 1941. 

The five hundred and eighty -sixth General Monthly Meeting was held in the Hall of Science 
House, Gloucester Street. Sydney, at 7.46 p.m. 

Mr. D. P. Mellor, President, was in the chair. Thirty-one members and five visitors were 
present. The minutes of the preceding meeting were read and confirmed. 

The certificates of four candidates for admission as ordinary members of the Society were 
read for the second time. The following persons were duly elected ordinary members of the 
Society : Max Charles Cohen, Harold Theodore Clyde Howard, Dansie Thomas Sawkins, and 
Thomas Baikie Swanson. 

Popular Science Lectures. --- ii was announced that the following lectures had been arranged 
for 1941 : 

June 19th. — ” Some Aspects of Hydatid Disease in Australia,” by Professor H. Dow% M.B., 
B.S., F.R.C.S. 

July 17th. — “The Modern Aeroplane,” by Professor A. V. Stephens, M.A. 

August 21st. — “ War and the Fisheries,” by H. Thompson, M.A., D.Sc. 

September 18th. — “ Weighing the Stars,” by R. v’an der R. Woolley, M.Sc., Ph.D. 

October 16th.— “ The Cow, the Chemist and Ourselves — The Nutrition of Farm Animals in 
Plenty and in Drought,” by E, G. Hallsworth, B.Sc., Ph.D. (Leeds). 

It was announced that the Clarke Memorial Lecture would be given by Mr. Sussmilch on 
May 22nd. 

The following ilonations were received : 164 parts of periodicals, and 14 whole volumes. 

Revision of Rules. — It was announced that a committee had been appointed to continue 
with the revision of the rules. 

The following papers were read : 

“ Progressive Rates of Tax in Australia.” Professor H. S. Garslaw. 

“ The Effect of the Synthetic Oestrogens, Stilboestrol and Hexoestrol on the Pouch and 
Scrotum of Trichosurus vulpecula,"" by A. Bolliger, Ph.D., and A. J. Canny, M.B.. Ch.M. 

“ Magnetic Studies of Co-ordination Compounds. Part V. Binucloar Derivatives of 
Diphenyl Methyl Arsine,” by D. P. Mellor, M.Sc., and 1). P. Oaig. 

Lecturefte. — A lecturettc on “ Fiji and the Fijians ” was gixen by Dr. Arthur Capell, M.A. 

June 4, 1041. 

The five hundred and eighty -seventh General Monthly Meeting was hold in the Hall of Science 
House, Gloucester Street, Sydney, at 7.46 p.m. 

Mr. R. W. Challinor, a past President, was in the chair. Thirty -two members and five \ isitors 
were present. The minutes of the preceding meeting were road and confirmed. 

The certificate of one candidate for admission as an ordinary member of the Society was 
read for the first time. 

The following donations were received : 186 parts of periodicals and 1 1 whole volumes. 

The following papers were read : 

“The Jurassic Fishes of N.S.W.,” by R. T. Wade, M.A., Ph.D. 

“ An Examination of the Essential Oils Distilled from the Tips and Normal Cut of Eucalyptus 
polybra/ctea''" by Philip A. Berry, M.Sc., and Thomas B. Swanson, M.Sc. 

Films. — By courtesy of the Rural Bank of New South Wales, two films were shown : 

“ The Menace of Soil Erosion.” 

“ The Red Terror.” 
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Jutly 2, 1941. 

The five hundred and eighty -eighth Ceneral Monthly Meeting was held in the Hall of Scieaoo 
House, Gloucester Street, Sydney, at 7.45 p.m. 

Mr. D. P. Mellor, President, was in the chair. Twenty -seven members and two visitors 
were present. The minutes of the preceding meeting were read and confirmed. 

The certificates of two candidates for admission as ordinary members of the Society were 
read for the first time. 

The certificate of one candidate for election as an ordinary member of the Society was read 
for the second time. The following person was duly elected as an ordinary member of the 
Society : Irvine Armstrong Watson. 

The following donations were received : 195 parts of periodicals, and 15 whole volumes. 

The following paper was presented by Professor T. G. Room, in the absence of the author : 

“ Elementary Remarks on Goodness of Fit of Hypotheses and Pearson’s x* Test,” by D. T. 

Sawkins, M.A. 

Lecturette . — ^A lecture tte on the ” Mineral Resources of the Great Powers in Relation to the 
International Situation ” was given by Dr. G. D. Osborne. 

Exhibit.— An exhibit of “ Some Recent Developments in Plastics ” was shown by Mr. F. R. 
Morrison. 


August 6, 1941. 

The five hundred and eighty -ninth Gk^neral Monthly Meeting, held in the Hall of Science 
House, Sydney, at 7.46 p.m. 

Mr. D. P. Mellor, President, was in the chair. Thirty -seven members and three visitore 
were present. The minutes of the preceding meeting were read and confirmed. 

The certificates of two candidates for admission as ordinary members of the Society were 
read for the second time. 

The following persons were duly elected as ordinary members of the Society : 
Samuel Raymond Brown and David Parker Craig. 

The following donations were received : 158 parts of periodicals and 10 whole volumes. 
The following papers were read : 

” Permian Blastoids from New South Wales,” by Ida A. Brown, D.Sc. 

” Bryozoa from the Silurian and Devonian of New South Wales,” by Miss Joan Crockford, 
B.Sc. 

Lectuteltes . — The following lecture ttes were given : 

“ A Scale of Magnitudes,” by Dr. F. Lions. 

” The Electron Microscope,” by Dr. R. E. B. Makinson. 


September J, 1941. 

The five hundred and ninetieth General Monthly Meeting was held in the Hall of Science 
House, Gloucester Street, Sydney, at 7.46 p.m. 

Mr. D. P. Mellor, President, was in the chair. Twenty -nine members were present. The 
minutes of the preceding meeting were read and confirmed. 

The certificate of one candidate for admission as an ordinary member of the So(jiety was 
read for the first time. 

The following donations were received : 196 parts of periodicals, and 13 whole volumes. 

The following papers were read ; 

” A Note on Determinations of Physiological Specialization in Flax Rust,” by W. L. Water- 
house, D.Sc.Agr„ D.I.C., F.L.S., and I. A. Watson, Ph.D., B.Sc.Agr. 

” The Thiamine (Vitamin B^) Content of the Urine of Trichosurus vtdpecula,'' by A. Bolliger, 
Ph.D., and C. R. Austin, B.Sc. 

” The Chemistry of Bivalent and Trivalent Rhodium ; Hexacovalent Complexes of Rhodous 
Halides with Diphenylmethylarsine,” by F. P. Dwyer, M.Sc., and R. S. Nyholm, B.Sc. 

Lecturette . — “ Vitamin Bi — its Discovery emd Importance in Nutrition and Disease,” by 
Dr. A. Bolliger, 


October J, 1941. 

The five hundred and ninety -first General Monthly Meeting was held in the Hall of Science 
House, Gloucester Street, Sydney, at 7.46 p.m. 

Mr. D. P. Mellor, Presi^nt, was in the chair. Thirty-four members and one visitor were 
present. The minutes of the preceding meeting were read and confirmed. 

The certificate of one candidate for admission as an ordinary member of the Society was 
read for the second time, and the following was duly elected as cm ordinary member : George 
Livingstone Melville. 
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The following donations were received : 130 parts of periodicals, and 3 whole volumes. 

The following papers were read by title ; 

“ Radial Heat Flow in Circular Cylinders with a General Boundary Condition. Part II,” 
by J. C. Jaeger. (Communicated by Professor H. S. Carslaw.) 

” The Chemistry of Bivalent and Trivalent Rhodium : A Qualitative Study of the Effect of 
Reducing Agents on Trivalent Rhodium Salts ; and the Properties of Some Rhodous 
Salts,” by F. P. Dwyer, M.Sc., and R. S. Nyholm, B.Sc. 

Symposium , — A symposium on Light Metals was held. 

Aluminium, magnesium and other light metals are assuming ever-increasing importance in 
modern industry, particularly in aeroplane construction. It was decided, therefore, to devote 
the October general meeting to a Symposium on the Light Metals. 

The following were the subjects and speakers : 

1. The Sources of the Light Metals, by Professor L. A. Cotton. 

2. The Manufacture of and Demand for the Light Metals, by Dr. J. E. Mills. 

3. Some Alloys of the Light Metals, by Miss V. Suvoroff, B.Sc. 


November J, 1941. 

The five himdred and ninoty-8e(*t)nd General Monthly Mooting was held in the Hall of Science 
House, Gloucester Street, Sydney, at 7.45 p.m. 

Mr. D. P. Mellor, President, was in the chair. Thirty-three members and two visitors were 
present. The minutes of the proceditig meeting were read and confirmed. 

The (certificates of thi*ee candidates for admission as ordinary members of the Society were 
read for the first time. 

Guide to Authors . — The President drew attention to the ” Guide to Authors ” which has 
recently been published by the Society. 

The following donations wore received : 185 parts of periodicals and 2 whole volumes. 

The following papers were rea,d : 

” The Chemistry of Bivalent and Trivalent Rhodium : Compounds of Rhodic Halides with 
Tertiary Arsines,” by F. P. Dw^yer, M.Sc., and R. S. Nyholm, B.Sc. 

” Studies on the Cultivation of the Tung Oil Tree, Aleurites Fordii. Part II. Study of a 
Heavy Yield of Fruit Obtained on the North Coast of N.S.W.,” by A. R. Penfold, 
F.A.C.I., F.C.S., F. R. Morrison, A.A.C.I., F.C.S., and S. Smith-White, B.Sc.Agr. 

” The Stereochemistry of Some Metallic Complexes with Special Reference to their Magnetic; 
Properties and the Cotton Effect,” by D. P. Mellor, M.Sc. 

” Triassic Fishes of N.S.W.,” by R. T. Wade, M.A., Ph.D. 

Exhibits . — The following exhibits were shown : 

The Jelloy-Leitz Refractometer, by Dr. G. D. Osborne. 

A Fluorescent Chromatographic Column, by Mr. A. J. Tow. 

December J, 1941. 

The five hxmdred and ninety -third General Monthly Meeting of the Society was held in the 
Hall of Science House, Gloucester Street, Sydney, at 7.45 p.m. 

Mr. D. P. Mellor, President, was in the chair. Thirty-four members and two visitors w'ere 
present. The minutes of the preceding meeting were reaci and confirmed. 

The certificate of one candidate for admission as an ordinary member of the Society was 
read for the first time. 

The certificates of three candidates for admission as ordinary members of the Society w^ere 
read for the second time. 

The following persons were duly elected as ordinary members of the Society ; Victor le Roy 
Alldis, Matthew John Morrissey, and Victoria Suvoroff. 

Walter Burfitt Prize . — ^The President announced that the Walter Burfitt Prize for 1941 had 
been awarded to Dr. Frederick W. Whitehouse, Lecturer in Geology in the University of Queens- 
land, and at present a member of the A.I.F., for his work on the Geology of Queensland, in 
particular the Geology of Western Queensland and researches on the Cambrian trilobites. 

The following donations were received : 167 parts of periodicals, and 5 whole volumes. 

The following paper was read by title ; 

” On the Frequency of the Primes,” by Dr. F. A. Behrend. (Communicated by Professor 
H. S. Carslaw.) 

Lecturette . — ” The Sulphanilamide Drugs,” by Dr. F. Lions. 
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Chairman : Dr. W. R. Browne. 
Secretary : H. O. Fletcher. 


Eight meetings were held during the year, the average attendance being sixteen members 

and eight visitors. 

April 18th. — Exhibits: By Mr. J. A. Dulhunty : (a) Torbanites, consisting mainly of algal 
remains, from Rylstone, N.S.W. ; (b) A specimen of Tasmanite made up of plant material = 
Cannel Coal ; (c) Tasmanite, made up of spores ; (d) New Zealand oil shale made up of 
macerated vascular plant material ; (e) A specimen of original torbanite, from Torbane Hill, 
Scotland ; (/) “ Oil-shale ” from Queensland — Cannel Coal of Jurassic age ; (g) “ Oil-shale,’’ 
vascular plant canneloid sapropel of Jurassic age from New South Wales ; (h) Algal 
Cannel.” Algal and vascular plant sapropel. Capertee Valley, N.S.W. Mr. Lambeth 
recorded the discovery of a new horizon of torbanite 20-25 miles west of Mittagong. The 
outcrop is 1 mile 1 chain in length, and 14 inches thick. There are 30-40% volatile hydro- 
carbons. By Mr. T. Hodge-Smith : The Moorleah Aerolite, the first stony meteorite recorded 
from Tasmania. By Dr. Ida Brown : (a) Calyx of a crinoid, TrihrachiocrinvSt with some of 
the arms attached to the dorsal cup, from the Upper Marine beds at Black Head, Gerrringong ; 
(6) A blastoid, Indoblastus ? sp. nov., from the Fenestella beds of the Permian ; (c) A brittle- 
star, Sturtzura ? briaingoides (Gregory), from Silurian slates at Euchareena, N.S.W. By 
Miss Quodling • (a) A specimen of selenite showing dehydration ellipses, produced by placing 
a hot point on the surface of the crystal ; (b) A lead box for use in the cobalt nitrate staining 
process for distinguishing felspars ; (c) Microphotographs and slides showing staining of the 
felspars by the cobalt nitrate process. By Mr. Waterhouse : (a) A well crystallised specimen 
of manganhedenbergite, from the southern end of No. 10 level, Zinc Corporation Mine, 
Broken Hill ; (6) Arborescent native copper found in a cavity in gossan, Mt. Isa, Queensland. 
By Dr. W. R. Browne : Rock fragments of Devonian quartzite found in surface soil at Hay, 
N.S.W. Locally termed ” cherts.” By Mr. Fletcher : (a) A new gastropod from the 
Upper Marine beds at Rylstone ; (b) Three specimens of Mariiniopsis subpentagonalis and 

M. inf lata from the Lower Productus limestones of the Salt Range. By Dr. W. R. Browne : 
A series of slides illustrating features of physiographical interest in the New South Wales 
highlands. 

May 16th. — Address by Major C. T. Madigau, “ Sand Dunes and Ridges.” 

Juno 20th. — ^Address by Mr. E. C. Andrews, ” The Canyon of the Colorado.” 

July 18th. — Address by Mr. E. J. Kenny, “ Some Ore-Deposits in N.S.W.” 

August 15th. — ^Address by Dr. W. G. Woolnough, ” The Tectonic Relations between Continental 
Australia and Alpine Foldings in the East Indies.” 

September 19th. — Exhibits : By Professor Cotton : (a) Recent conglomerate cemented round 
an old bayonet : (6) Native copper with gold in a quartz reef ; (c) Suite of fossils, Stutchburia, 
Aatartila and Bellerophon from the Carboniferous, 70 feet below the surface, east of Breeza, 

N. S.W. By Mr. Whitworth : (o) Dumortierite, Pershing County, Nevada, U.S.A. ; (6) 
Aiidalusite with crystallised pyrophyllite ; (c) Rich bauxite (60% AljOg) from Trundle. 
N.S.W. ; {d) Garnet, from schist, 30 miles west of Broken Hill, N.S.W. ; (e) Tertiary leaf, 
Trunkey, N.S.W. ; (/) Set of specimens of Archaeocyathinse from Beltana, South Australia. 
By Dr. G. D. Osborne : The Dollar integrating micrometer for use in Rosiwal analysis. 
By Miss Crockford : Short discourse on fossil Bryozoa. By Dr. Ida Brown : Martiniopaia 
subradiata partly silicified, showing spiral supports replaced by chalcedony, revealed by 
careful etching and drilling. By Mr. Fletcher : Tertiary fossil shells from Miocene limestone, 
Tobruk, Libya. By Professor W. R. Browne : (a) Slides showing unconformity between 
the Permian and Devoniaui, Glen Davis-Capertee Road ; {b) Short accoimt of coal seams 
in both the Upper Marine and Upper Coal Measures at Kanangra Walls, and of the fluvio- 
glacial conglomerates. 

October 17th. — ^Address by Mr. C. St. J. Mulholland, ” The Underground Water of the Sydney 
District.” 

December 6th. — Address by Dr. F. W. Whitehouse, “ Geological Aspect.^ of the Artesian Basin, 
Queensland.” 
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Visits were made during the year to the following : 

1941. 

May 13th. — Columbia Pencil and Crayon Co., McEvoy Street, Waterloo. 
June 10th. — Dental Hospital, Chalmers Street, Sydney. 

September 9th. — Stedman- Henderson’s Sweet« Ltd., Waterloo. 


OBITUARY NOTICES. 

Henry Herbert Baker, who joined the Royal Society in 1919, was bom in 1868. Mr. 
Baker was chairman of directors of the firm of W. Watson and Son, whi(‘.h he had established in 
Australia more than 50 years ago. He was well known to the members of the medical and dental 
professions, and was closely connected with the development of X-rays in Australia and wdth 
all aspects of optical science. He was keenly interested in the Astronomical Society and was 
a member of it and of the Millions Club. 

George Henry Blakemore, who died at the ago of 73, was known in mining circles through- 
out Australia. At his death he was chairman of directors of Takuapa Valley Tin Dredging and 
Tartut Basin Tin Dredging Company. He was born at Copperfield, in North Queensland, his 
father having been also a prominent mining man. Mr. Blakemore began his career at Broken 
Hill as an assayer ; later he was manager of the Great Co bar Copper Mine, and then took (diargo 
of the old refinery at Lithgow\ Some years later he began business as a private mining engineer. 
He leaves a wddow and three sons. 

Frank Leverrier, who became a member of the Royal Society in 1909, was born in Sydney 
in 1863, spent some of his early years in France, but returned to New South Wales, where he was 
educated at Fort Street Public School and the Sydney Grammar S(*hool. Proceeding to the 
University of Sydney, he graduated in Arts, in Law^ and in S(5ien(*e, and he cliose to follow the 
legal profession. He was made a K.C. in 1911. In 1907 he was elected a Fellow of the Senate 
of the University ; was Challis Lecturer in Law ; from 1914 to 1917 and again in 1921 Mr. 
Leverrier w^as Vi(je-ChanceIlor of the University of Sydney. 

Edmund Cooper Manfred, who had played a prominent part in the civic> and business life 
of Goulburn for more than sixty years, died at Goulburu, aged 84 years. He was the father of 
M. E. Manfred, M.L.C., Assistant Minister. The only child of Mr. Edward Manfred, architect 
and surveyor, he was bom at Kensington, Loudon, on June 5, 1856. He qualified as an architect 
and began practice at Goulburn. He designed many of the tow’ii’s best known buildings, and 
served on almost every public body in Goulburn. He was an early member of the Royal Society 
of N.S.W. and the Royal Historical Society of N.S.W. and w^as a Mason. He is survived by 
six sons. 

James Nangle, who had boon Government Astronomer for New’ South Wales for fifteen 
years, died on February 22, 1941, in his seventy -third year. He exerted an important influence 
in this State in the fields of architecture, education, and astronomy. He began practice as an 
architect late last century, several large buildings in Sydney being designed by him, and ho 
specialised in school and church buildings. He was President of the Royal Australian Institute 
of Architects in the year 1936-37, and was elected a Fellow^ of the Royal Institute of British 
Architects in 1937. Several papers on the properties of Australian timbers and building stones 
were published by him in the Journal of the Royal Society of New South Wales, which he joined 
in 1893, and of which he was President in the year 1920-21. 
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While still in practice he undertook some teaching in architecture at Sydney Technical 
College, and this led to his important work in technical education. In 1913 he was appointed 
Superintendent of Technical Education. He reorganised the technical education courses, 
bringing the technical colleges into closer touch with industries and trades by setting up a series 
of advisory committees, on which the professions and trades as well as educational authorities 
were represented. Similar internal committees provided for coordination of effort by the adminis- 
trative and teaching staffs. He always stressed that a good system of technical education must 
be coordinated with the industries it was to serve. During his administration the attendance at 
technical colleges in New South Wales rose from four thousand to fourteen thousand. While 
he was Superintendent of Technical Education in New South Wales, he paid extended visits to 
Western Australia and Tasmania to advise the governments of those States on the organisation 
of their technical education systems. He retired in 1934. 

One important task imdertaken by James Nangle was the supervision of the vocational 
training system for returned soldiers carried out by the Commonwealth Repatriation Department 
after the 1914-18 war. His services for this purpose were given by the Government of New 
South Wales to the Commonwealth Government, and altogether more than 20,000 returned 
soldiers who had been injured or whoso training had been interrupted by active service were 
traine<l. He had to a marked degree the gift of the good administrator for obtaining cooperation 
and in making estimates of the absorptive capacities of the various trades and industries and 
in carrying out the training of the men he was very successful in getting support from the trade 
unions, technical colleges and universities. He wais awarded the O.B.E. in 1920. 

His interest in astronomy began early. He joined the New South Wales Branch of the 
British Astronomical Association in 1905, and wae its president on many occasions, his ability 
as a speaker being an asset to the meetings. In 1908 he was elected a Fellow of the Royal 
Astronomical Society. He maintained an observatory at his residence in Marrickville until he 
became Government Astronomer in 1926, when the Observatory had a difficult period through 
which his administration steered it. James Nangle had at all times been most approachable and 
helpful to newcomers to the science of astronomy, and many have had their interest awakened 
by his numerous popular lectures and writings. 

His friendliness and enthusiasm will be remembered by all who knew him. Ho is survived 
by his widow, daughter, and three sons. 

.John Patrick O’Neill joined the Society in 1932. Mr. O’Neill had for some time been 
chief timber expert for the Department of Railways of Now South Wales. 

Thomas Lindsay Willan, who joined the Society in 1921, was born in Sydney in 1895. 
He was educated at the Sydney High School, whence he entered the University of Sydney. He 
gained first-class honoure and the University Medal for Geology at the B.Sc. examination. He 
entered the Geological Survey of N.S.W., and in 1924 left it to go to the P’ederated Malay States, 
where he was engaged until 1933 in survey work. Later he went to Burma, where he remained 
until his death from malaria towards the end of 1940. 
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PRESIDENTIAL ADDRESS 

By L). P. Mellor, m.Sc. 

Delivered to the Royal Society of Rew South Wales, April 1, 1942. 

Part I. THE PAST YEAR. 

As the present world conflict grows more widespread, it is inevitable that 
there will be an increasing diversion of science from its normal peace-time 
activities and a consequent diminution in the output of fundamental research 
work. We must accept this as a condition of the survival of science as we know 
it, and it is in this light that we must view the falling olT in the number of papers 
received for reading and publication from 40 in 1940 to 20 in 1941. A part of 
the fall may be due to a normal fluctuation, the remaind(*r reflc'Cts the prevailing 
conditions. The number of our exchanges is also falling stt'.adily, having dropped 
from 268 to 239 during the past year and from 361 since May, 1939. We will 
be fortunate indeed if our difficulties in the coming months are no more than 
these. 

In thus commencing the survey of the i)ast year 1 hava^ drawn the worst 
side of the picture lirst. Actually most activities of the t^ociety have followed 
their usual courses. The memlx'rship stands at the satisfactory total of 298, 
gains during the year roughly count erbalandng losses. Several years ago (1935) 
women were admitted to th(* iSociety for the first time. As a logical sequence 
to this I am pleased to be able to rei)ort the first election of a woman member. 
Dr. Ida Brown, to the Council. To anotluu- of oxir Council members, Professor 
T. G. Room, has fallen the signal distinction of election to the E.R.S., and we 
offer him our heartiest congratulations. 

In addition to the twenty })ai)ers accei)ted for reading and publication 
during the year, th(' following short addresses were given : 

“Fiji and the Fijians’’, by Arthur Capell, M.A., Ph.D. 

“Mineral Resources of the Great Powers in Relation to the International 
Situation ’’, by G. D. Osborne, D.Se. 

“ A Scale of Magnitudes ’’, by F. Lions, Ph.D. 

“ The Electron Microscope ”, by R. E. B. Makinson, Ph.D. 

“ Vitamin Bj — its Discovery atid Importance in Nutrition and Disease- 
prevention ”, by A. Bolliger, Ph.D. 

“ The Sulphanilamide Drugs ”, by F. Lions, Ph.D. 

The following exhibits were shown at meetings : 

“ Some Recent Developments in Plastics ”, by F. R. Morrison, A.A.C.I. 

“ A Fluorescent Chromatographic Column ”, by A. J. Tow, B.Sc. 

“ The JeUey-Leitz Refractometer ”, by G. I). Osborne, D.Sc. 

By courtesy of the Rural Bank of N.S.W., films were shown and a com- 
mentary provided, on “ The Menace of Soil Erosion ” and “ The Red Terror ” 
(bush fires). 

Popular lectures dealing wdth a wide variety of t opics were delivered during 
the months of June to October (inclusive) and wore well attended. They were : 

19th June. — “ Some Aspects of Hydatid Disease in Australia ”, bv Professor 
H, Dew, M.B., B.S., F.R.C.S. 

17th July. — “ The Modem Aeroplane ”, by Professor A. V. Stephens, M.A. 

A— April I, 1942. 
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21st August. — “ War and the Fisheries ”, by H. Thompson, M.A., D.Sc. 

18th September. — “ Weighing the Stars ”, by E. van der E. Woolley, 
M.Sc., Ph.D. 

16th October. — “ The Cow, the Chemist and Ourselves — The Nutrition 
of Farm Animals in Plenty and in Drought ”, by E. G. Hallsworth, 
B.Sc., Ph.D. 

The Society is indebted to the lecturers who kindly gave their services on 
the above occasions. Owing to uncertainty about conditions which may prevail 
in the coming winter months, the Council has decided to abandon the ordinary 
form of popular lecture, for the time being at least, and to use the present as an 
opportunity for trying out a new experiment. Arrangements are in hand for a 
series of popular broadcast talks to be delivered over the national stations, under 
the Society’s auspices. In the absence of facilities for experiment and illustration 
there is no doubt that broadcasting will prove a more difl&cult medium for a 
popular lecture, if it is to deal with more than the magic and gadgetry of science. 
It may be that the limitations of the medium and of the time available for each 
talk do not permit one to go any deeper than this. Experience alone will prove 
whether or not it will be wise to incorporate broadcast talks by experts in their 
particular fields as a permanent part of our popular science programme. 

One symposium was held during the year, the subject chosen for discussion 
being “ Light Metals ”. The following were the speakers and subjects : 

“ Sources of Light Metals ”, Professor L. A. Cotton. 

” Manufacture of and Demand for Light Metals ”, Dr. J. E. Mills. 

“ Some Alloys of the Light Metals ”, Miss V. Suvoroff, B.Sc. 

Like the symposia held in previous years, this one proved most valuable 
and interesting. So far, practically all our symposia have been devoted to the 
various elements, sulphur, phosphorus, potassium, etc. It would seem worth 
while now to strike out into new fields, even if it is difficult to find a subject 
which provides a suitable common meeting ground for different specialists. 

The tenth Clarke Memorial Lecture was delivered on 22nd May, 1941, 
by Mr. C. A. Sussmilch, and was entitled “ The Climate of Australia in Past 
Ages ”. The Clarke Memorial Medal for 1941 was awarded to Professor Wood 
Jones, F.E.S., formerly of the Universities of Adelaide and Melbourne, and 
later Professor of Anatomy in the University of Manchester. The medal was 
presented to Professor Wood Jones at the Anniversary Meeting of the Eoyal 
Society (London), held on 1st December, 1941. 

The Walter Burfitt Prize was awarded to Frederick W. Whitehouse, D.Sc., 
Ph.D., Lecturer in Geology in the University of Queensland. 

It is perhaps a little disappointing to have to report that the revision of 
Eules was not completed before the end of the year. What started as the 
revision of a few Eules finished up as the revision of Eules from beginning to 
end. The magnitude of the task and wisdom of hastening slowly were largely 
responsible for the prolongation of this work. 

I should here like to place on record my appreciation of the untiring efforts 
of all those who served on this and other committees throughout the year. 
On my own and your behalf I sincerely thank members of the Council for their 
help and loyal cooperation. I would especially mention the two Honorary 
Secretaries, Professor A. P. Elkin and Dr. C. Anderson, upon whom so many 
of the burdens of the Society fall. Our thanks are also due to the chairmen 
and honorary secretaries of Sections ; to the Librarian, Mr. W. H. Maze, and 
his assistant. Dr. A. Bolliger, who with the help of Dr. Anderson did yeoman 
service in restoring order to the Society’s vast collection of old volumes of the 
Journal. 
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The Jouenad. 

It is widely recognised that one of the most important functions of our 
Society is the publication of the Journal, and in this connection I have to record 
several events of interest. Perhaps the most noteworthy is the enlargement 
of the format. I should explain that this was done not to improve the appearance 
of the Journal — from an SBsthctic point of view the old size probably had more to 
recommend it — ^but for reasons of economy and efficiency. A very thorough 
analysis of the costs of publishing scientific periodicals has been carried out under 
the auspices of the National Research Council (U.S.A.).^ From this it was clear 
that economies could be effected in the publication of our Journal. It was 
shown, for example, that as the number of words per page increases, so the cost 
per word per 1,000 copies of a journal (the basis for comparison) diminishes. 
An upper limit is set to the number of words per page and page size, by considera- 
tions of handling and shelving bound volumes, and there is no danger that 
any enthusiast will so extend the enlarging process as one day to startle members 
with a volume of newspaper size. For a time the Journal may appear painftilly 
slim, but I hope that, as better times return, it will assume its usual substantial 
appearance. 

During the year a small pamphlet entitled “ Guide to Authors ” was com- 
piled by a committee and published for the mutual assistance of editors and 
authors. It is hoped that it will prove helpful in regard to such matters as 
standard nomenclature, symbols and abbreviations lor titles of journals, etc.® 

The maintenance of the quality of papers for a journal is, to some extent, 
dependent on refereeing. Heveral changes, designed to assist referees in their 
task, have recently been introduced. Among these is the issm* of a special 
printed form which sets out clearly the course of action op(m to a referee and, 
when signed, serves as a kind of standardised certificate in regard to the character 
of the paper with which it is duly filed. 

Scientific Periodicat.k. 

During the year several questions relating to periodicals have come up for 
discussion both by the Council and Library Committee. Among the results of 
these discussions was the passing of a resolution by the Council to the effect that 
our library be essentially one for scientific ])criodic.als. The question of a 
central library for Science House was again canvassed, but I regret to say that 
there is no immediate prospect of any move in this direction. However, the 
enquiry was not altogether barren of results, as it stimulated further investigation 
into the overlapping between our own library and that of the Linnean Society. 
The overlapping here is considerable but there is every prospect of a reduction 
where duplication is proved unnecessary. It is recognised that some duplication 
may be desirable and that each case must be considered on its merits. 

I should like to see steps to eliminate unnecessary duplication and to effect 
closer coordination taken further and extended to cover all the important 
periodical libraries in Sydney. An example, chosen at random, will serve to 
show the kind of thing that may happen in the absence of some coordination. 
The Royal Society purchases a journal known as the “ Observatory ”, for which 
there is, I understand, little demand by our members. The same journal is 
taken by the Government Observatory and the Public Library, both copies 
being readily available to bona fide enquirers. Other instances of this kind of 
dupUcation could be found, and it is clear that the Society would be assisting 
the cause of science here by dropping unnecessary duplication so that it might 
fill some important gaps in the supply of scientific periodicals. I believe that 


^J. R. Schramm, 1930. Proe. Amer. PhU. Soc., 80, 1. 

* See also “ Abbreviations for Titles of Scientific Periodicals ”, 1941, Aits. J. Soi., 4, 71. 
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by steps of this kind we might greatly improve the usefulness of, and demand 
for, the facilities of our library. Many of us are aware of important journals 
that are not available in Australia and equally well aware that funds are not 
likely to bo forthcoming for their purchase in the near future. By proper 
coordination and without putting undue strain upon the present satisfactory 
inter-library borrowing system, I feel sure that the situation could be improved 
with little or no further financial expenditure. I may be a little over-optimistic 
about the prospects in this direction, but at least the experiment would be 
worth trying. The Society might well take the initiative in forming a repre- 
sentative committee of members of scientific societies and professional librarians 
to look into the whole question of coordination of scientific periodical collections 
in Sydney. 

A Oentbal Eegister of Scientific and Trained Personnel. 

If we are to make wise and efficient use of our national resources, an indis- 
pensable prerequisite would seem to be that we at least know what they are 
and where they are. Yet, in regard to one important field of our human resources, 
namely that covering scientific and trained personnel, we, in this country, 
have done next to nothing to answer either of these questions. In this we lag 
far behind England and U.S.A., where it is widely recognised that a complete 
central register of scientific personnel is a sine qua non for the efficient use of 
brain power in time of national emergency. At the present moment the Common- 
wealth Government is engaged in making a national register of all its citizens 
between 16 and 60, but in regard to scientists it does not go nearly far enough. 
The scope of the information required can be seen from a glance at the American 
questionnaires.® It is too late for any survey to be of use in the crises expected 
in the coming months, but in the long distance struggle ahead there can be no 
doubt of its usefulness. Experience in England and U.8.A. has already proved 
the registers of great national value, and there is every evidence that this will 
be true in times of peace no less than war. It is the latter that concerns us 
most closely now. “ A chemist whose work has been done in some specialised 
and relatively obscure field may suddenly become the one man in the countrj' 
able to devise a means of protection against some new chemical weapon. A 
specialist in an obscure dialect of a foreign language may possess a skill which 
will have a far-reaching significance in an emergency.” Our chances of locating 
such individuals with speed and certainty when required are considerably 
greater if a properly devised national register is available. 

A country without a register may be likened to a library whose books are 
neither systematically arranged nor catalogued, and just as a catalogue does not 
in itself guarantee that a library will be well used, so it is with a national register 
of scientific and trained personnel. There is no sense in making a national 
register if it is not going to be widely and wisely used by the civil services, the 
fighting services and private institutions of all kinds. 

It is true that some sectional registers of chemists, engineers, etc., have 
already been compiled, but there is evidence that the registers have not been as 
widely used as they might and also evidence of a general lack of centralisation. 
The English register was compiled under the auspices of the Royal Society of 
London. The job is much too big for the limited resources of such a society 
as our own, or even of the Australian National Research Ooimcil, which is 
attempting to do something about the matter. The administration of such 
a scheme would seem more properly to belong to the sphere of the Federal 
Government as it is in U.8.A. The most this Society can do is to lend the 


* For information on the national roster of scientific personnel in U.8.A., see Carmichael, L., 
1940, Science, 92, 136 ; 1941, 93, 217 ; 1942, 95, 86. 
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weight of its authority to advocating such a scheme, and in the event of it 
coming into being to proffer the advice of its specialists in regard to the details 
of the register. 


The Award of Medals. 

Last year your President (Professor A. P. Elkin) suggested the revival of 
the practice of awarding the Society’s medal together with substantial prize 
money for meritorious work without limitation of the field of research. While 
nothing has yet been done to implement this suggestion, it has not been lost 
sight of. Experience of the past year confirms that of previous years that 
there is need for the revival of the practice of awarding the Society’s own medal 
to supplement the awards which are now made on the basis of certain bene- 
factions. This presupposes, of course, that there is generai agreement on the 
practice of making awards of medals at all. To satisfy my own doubts on this 
matter I turned to the records relating to flic awards of medals by the Royal 
Society of London, and there I came across what to iny mind is an excellent 
statement of the arguments for and against honorary rewards. In concluding 
this part of my address, I will take the liberty of quoting it to you at some length, 
in the hope that when the question comes up for consideration it may prove 
useful as a basis for discussion. 

“It is said that they must either confirm or contradict the judgment 
which has been either already pronounced, or which Posterity will most 
certainly hereaft.er pronounce, uy)on the merits, prctcmsions and influence 
of the discoveries or series of investigations which such medals are designed 
to commemorate ; thaf/ in the first cast' tliey can confer no additional 
honour upon their author, whose rank has alrtsady been astiertained and 
fixed by the sentence of a higher tribunal, while, in the second, they can 
only tend to compromise the character of the scitmtific body by whose 
advice they arc conferred. It is true that I would not claim infallibility 
for the united judgment of any association, or body of men, however eminent 
their scientific rank may be : but it is the peculiar privilege of the great 
masters of science (and more particularly so when acting or speaking as a 
body), to be able to anticipate, though not without the possibility of error, 
the decision of Posterity, and thus to offer to the ardent cultivator of 
science that highest reward of his labours, as an immediate and well assured 
possession, which he might otherwist* be allowed silently and doubtingly 
to hope for, but never be permitted to see realised ; and though some 
powerful minds might be content, to trust the complete development of 
their fame to the fullness of time, and might pursue their silent labours 
under the influence of no other motives but such as are furnished by their 
love of truth, the gratification derived from the discovery of the beautiful 
relations of abstract science, or from the contemplation of the agency of a 
Divine Mind in the harmonies and constitution of the physical world, 
yet it is our duty and business to deal with men as we find them constituted, 
and to stimulate their exertions by presenting to their view honourable 
distinctions attainable by honourable means ; to assure them that the 
results of their labours will neither pass unnoticed nor unrewarded ; and 
that there exists a tribunal to which they may appeal, or before which 
they can appear, whose decision is always for honour, never for con- 
demnation . . . ” — H.R.H. Duke of Sussex, K.G., F.R.S., J.P. of R.8., 
vol. XLVII, 106. 


Obituary. 

I regret to record the deaths during the past year of the following members : 
Richard Thomas Baker, Edward George Noble and Carl Gustav Sundstrom. 
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BiOHABD Thomas Baheb died at his residence, Cheltenham, N.S.W., on 
the 14th July, 1941, at the age of 87. Mr. Baker was born at Woolwich, Kent, 
England, on the 1st December, 1864. He came to Australia in September, 
1879. In June, 1880, he joined the staff at Newington College, Sydney, as 
Senior Housemaster and Science and Art Master, a position he subsequently 
resigned upon his appointment in June, 1888, to the scientific staff of the %dney 
Technological Museum. Mr. Baker became Curator and Economic Botanist 
in 1901 in succession to J. H. Maiden, and continued in that position until his 
retirement in 1920. 

Mr. Baker became a member of this Society in 1894 and contributed twenty- 
eight papers to the Journal and Proceedings. Altogether he published over 
100 original papers m the Journal and Proceedings of this Society as well as in 
the Journal and Proceedings of the Linnean Society of New South Wales. Mr. 
Baker’s name will always be remembered for his collaboration with the late 
H. G. Smith in a celebrated series of investigations into the economics of the 
eucalypts. The results were published in 1902 in a volume entitled “ A Research 
on the Eucalypts and Their Essential Oils ”. This was revised and republished 
as a second edition in 1920 upon the retirement of the authors from the Public 
Service of New South Wales. 

The outstanding feature of their work was a classification of the eucalypts 
based on the chemical characters of the essential oils derived from each species. 
The use of this method as an aid to the morphological classification has given 
valuable results and contributed greatly to our knowledge of the Australian 
flora. 

In addition, Mr. Baker was the author of a number of monographs on other 
groups of Australian forest plants and their economic products. He was joint 
author with Mr. H. G. Smith in a publication issued in 1910 entitled “ A Research 
on the Pines of Australia ”, which was a further example of the successful 
collaboration between botanist and chemist. A number of other useful technical 
books were published by Mr. Baker during his career : “ Building and Orna- 
mental Stones of Australia ” Cabinet Timbers of Australia “ The Australian 
Flora in Applied Art ” and “ Hardwoods of Australia ”, which latter he claimed 
as his magnum opus. He was the protagonist for the adoption of the waratah 
as our national emblem in place of the wattle. 

Mr. Baker occupied the position of Lecturer in Forestry to the University 
of Sydney from 1913 to 1924. He was a Fellow of the Linnean Society of London 
and served on the Council of the New South Wales Society during the period 
1897 to 1922. 

Mr. Baker was the recipient of several honours from scientific societies for 
his researches in pure and applied science. In 1921 he was awarded the Mueller 
Medal by the Australian Association for the Advancement of Science, and in 
1922 he received the Clarke Memorial Medal of the Royal Society of New South 
Wales. He was an honorary member of the Pharmaceutical Societies of Great 
Britain and New South Wales and the College of Pharmacy, Philadelphia, United 
States of America. 

Edward Geoboe Noble, who died on 4th May, 1941, aged 76, was a life 
member of the Royal Society, which he had joined in 1891. He was a licensed 
surveyor and civil engineer. After some years in the Public Works Department, 
he was appointed as Assistant Engineer to Mr. Milner at Newcastle to carry out 
the sewerage works. 

At the outbreak of the last war of 1914-18, while travelling to Rabaul, the 
Maiunga, on which he was a passenger, was seized by the raider Wolf, and 
Mr. Noble became a prisoner in Germany for the duration of the war. In later 
years he was employed at St. Andrew’s Cathedral on survey work. 
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Mr. Noble, who was the brother of the Eev. H. J. Noble and of M. A. Noble, 
the noted cricketer, left a widow and four daughters. 

Gael Gustaf Sundsteom was elected to the Society in 1918. He was 
bom at Norrkeping, Sweden, in 1882, and died on the 5th July, 1941. He left 
Sweden at an early age and after several trips around the world settled in 
Australia where later, in 1913, he founded the Federal Match Co. at Alexandria, 
Sydney. From very small beginnings the factory now occupies five acres and is 
looked upon as a model industrial establishment in many respects. 

Mr. Sundstrom took a very active interest in the technical branch of the 
factory, and was a keen student of chemistry, being for many years a member 
of the Sydney Technical College Chemical Society. He was very energetic in 
the discharge of his duties and was noted for his administrative ability. 

His activities outside of the scientific world were numerous, and his boundless 
generosity made him extremely popular in these spheres. 

Paet II. THE STEEEOCHEMISTEY OP SQUAEE COMPLEXES. 

In the design of molecules Nature uses relatively few fundamental units of 
pattern or configurations, and it is naturally important to know what these 
are and under what circumstances any particular configuration is likely to be 
found. We shall here be concerned with the narrow field of stereochemistry 
which deals with the orientation in space of the four valence bonds of quadri- 
covalent elements. The tetrahedral disposition of four valence bonds about the 
carbon atom was the first configuration to be discovered, and so widespread did 
its occurrence eventually prove to be, not only among the compounds of carbon, 
where it was universal, but also among some forty other elements, that attention 
to this type of structure for long overshadowed that given to an alternative 
arrangement of four bonds in space, namely the square arrangement. Indeed, 
the tetrahedral arrangement proved to be so dominant a feature of molecular 
architecture that the very existence of the square pattern was, and for that 
matter, in some quarters, still is, a matter of controversy. Nevertheless the 
evidence on this question has grown steadily over the last few years and the 
time is opportune for some attempt to evaluate the significance of the square 
configuration for the stereochemistry of the metals. 

In attempting to do this, two main questions will be considered : firstly, 
how strong is the evidence for the square disposition of valence bonds, and 
secondly, with what elements and under what circumstances does it occur? 
In tracing the developments leading to the proof of square coordination, attention 
will be centred on the compounds of platinous platinum (Ptn), because it is 
with these that the most abundant and satisfactory evidence has been obtained. 
Notwithstanding this, there has been a good deal of controversy about the 
structure of platinum compounds. Some idea of the controversial nature of 
this field may be gathered from a few excerpts, chosen at random, from the 
recent literature : “ Platinum salts combine with an enormous number of 
inorganic and organic groups or molecules and many of these salts have been 
known for a hundred years, yet the constitution of the isomeric diammines of 
the type [PtAjXj] is still a subject of controversy.” (F. H. Burstall, 1938, 
Annual Eeports of the Progress of Chemistry, p. 167.) 

“It is stUl an open question whether the experimental work (relating to 
planar and tetrahedral structures) has been correctly interpreted or not or 
whether some elements can assume more than one structure.” (J. E. Bailar, 
1936, Chemical Reviews, 19, 67.) 

“ In any event, the problem presented by these salts (certain allegedly 
optically active platinous salts) does not seem to be finally cleared up.” 
(O. K. Eice, 1940, Electronic Structure and Chemical Binding. McGraw Hill, 
London and New York, p. 303.) 
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Although in a certain sense no scientific problem is ever cleared up, I believe 
that the main outlines of the stereochemistry of bivalent platinum are well 
established, and that the above quotations, even after due allowance is made 
for their isolation from their context, scarcely do justice to all the experimental 
work which has been done in this field. 

The stereochemistry of carbon was developed by means of investigations 
essentially chemical in nature and the results of subsequently developed physical 
methods were often regarded as merely confirming already well established 
findings. In the study of platinum compounds however, physical methods 
have played a much more important role, partly because of their more recent 
development, but mainly because of certain limitations of the chemical method. 
Thus the burden of final proof of structure has had to be borne by a number 
of entirely independent chemical and physical methods of attack and it is to these 
we shall now turn. 

The Discoveey of the Squaee Conpigueation. 

It is not surprising that the square configuration was first discovered 
among the compounds of Pt^, because, as we now know, no other element forms 
so many compounds which exhibit isomerism on account of this stereochemical 
characteristic. The two substances primarily concerned with the development 
of our knowledge in this field, namely a and [3 dichlorodiammine platinum, 
[Pt(NH3)2Cl2], were discovered nearly a century ago, the former by Peyrone 
( 1846 ) and the latter by Reiset ( 1844 ). ^ 

The methods used in their preparation involve two similar processes ; 
the a compound is made by replacing two chlorine atoms of the [PtCl4]“ ion 
with ammonia molecules, the p by replacing two ammonia molecules of the 
[Pt(NH3)4]++ ion with chlorine atoms. The latter operation is effected either 
by heating solid [Pt(Nn3)4]Cl2 under carefully controlled conditions or by 
treating the aqueous solution with concentrated hydrochloric acid : the former 
by treating K2PtCl4 with aqueous ammonia . 

There is little doubt that each of the above substitutions proceeds stepwise : 

[Ptci4]- . rpt(NH.)ci,i- fPt(NH.).cur 

fPt(NH,)4l+- [Pt(NH3)3Cl]+_^_^ [Pt(NH3)2Cl2]° 

The intermediate compounds have been isolated and each step has been 
carried out separately. 

The problem of explaining the existence of the a and p compounds resolves 
itself, as a first step, into deciding whether they are 

(a) isomers (structural or geometrical), or 

(b) polymers, or 

(c) dimorphs. 

These alternatives, though not explicitly formulated by the earlier workers, 
can as a resrdt of their work be narrowed down. The last was eliminated first. 
Cleve ( 1872 ), a very active early worker in this field, clearly established the 
different chemical behaviour of the a and p forms of [Pt(N’H3)2Cl2]. By treating 
each form with a series of reagents, including the appropriate silver salts, he 
prepared and described new (isomeric) compounds such as the a and p forms of 


^ Since their discovery considerable confusion has arisen in regard to their names. They 
were first known as the chlorides of Peyrone and Reiset respectively and later as plato semi- 
diammine and platosammine chloride. In 1893 Werner introduced the terms a and ^ ; finally. 
Drew and his collaborators, for no very good recuson, reversed the usage of a and p. In 
address Werner’s nomenclature will be retained. 
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LPt(NH 3 ) 2 Br 2 ], [Pt(NH 3 ) 2 l 3 ], [Pt(NH 3 ) 3 (CN) 3 ], [Pt(NH 8 ) 3 (N 03 ) 3 ] and 

[Pt(NH3)3(If03)3]. 

Although this and later work leaves no doubt that the a and p forms are not 
just simply different crystalline modifications of the same substance, it is 
interesting to note recent confirmation along physical lines. Dimorphous 
molecular crystals contain the same molecules packed in different ways, so 
that when each structure is broken down by solution in any given solvent, the 
resulting solutions should be identical, a point which can, for example, be tested 
by an examination of absorption spectra (Mellor and Morris, 1938). Small, 
but definite differences have been noted in the absorption spectra of the aqueous 
solutions of the a and p [Pt(Nn 3 ) 2 Cl 2 ] (Babayeva, 1938). There is little doubt 
that, had chemical and physical tests along these lines been carefully applied, 
many of the issues created by the announcement of an alleged third (y) form 
of [Pt(NIl 3 ) 2 Cl 2 ] (Drew, Pinkard, Wardlaw and Oox, 1932a) would have been 
avoided. 

If we make the assumption that tlie coordination number of Pt** is fom,* 
and experience has shown this to be practically universal, the number of polymers 
of empirical composition [PtlNHalgClgJx is, for x>I, limited to the following : 

1. [Pt(NH 3 ) 4 ] [PtCl 4 J (Magnus, 1828). 

2. |Pt(XU 3 ) 3 Cl] [Pt(NH 3 )Cl 3 ] (Peyrone, 1844, 1846). 

3. [Pt(Nll 3 ) 4 ] fPt(NH 3 )Cl 3]2 (Cossa, 1890). 

4. [Pt(NIl 3 ) 3 Cl ]2 LPtCl 4 ] (Cleve, 1872). 

The a and p diammines ai’e distinct from all of these. 

Anticipating the discussion in a subsequent section, one may add that, with 
one rather puzzling exception, molecular weight measurements on a and p forms 
of com])ounds of the tyja* [PtAoXg] (where A— NH 3 , Py, EtNHg, etc., and 
X— 01, Br, C!Ni 8 , OH, etc.) show that both forms are monomeric. 

With the eliminalion of the possibilities (ft) and (c) — polymerism and 
dimorphism respectively — t,h(' problem now resolves itself into deciding whether 
the a and p diammines are structural or geometrical isomers. One of the first 
attempts to imderstand their constitution was made, by Cleve (1872), who 
proposed structures wdiich, in the light of the then prevailing theories of valency, 
seemed plausible enough. They were : 


/ 

Pt 

\ 


NH-Cl 

3 


NH-Cl 


NH— NH-01 
/ 3 3 

Cl 


ft 


Fig. 2. 


® Unless this limitation is specified it would be necessary to consider a structure like 


UH3 HH3 NH3 


Cl' 


^Pt 

I 




- I 

-Pt 

Cl^ I I 


Fig. 1. 

There is, however, no evidence for this structure among any platinous compounds of empirical 
composition Pt(NH8)aCl2. 

B— April 1, 1942. 
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These formulations which were also supported by Blomstrand, Jorgensen 
and others, implied, of course, that the substances were structural isomers. 
With present-day knowledge of atomic structure, which enables an upper limit 
to be placed on the number of covalent bonds that can be formed by first row 
elements of the periodic table, these structures can be ruled out immediately, 
since they both involve five covalent bonds to nitrogen. As will appear in the 
sequel, there are many other reasons for rejecting them. Nevertheless some 
attempt was made to revive them a few years ago (Drew et al., 1932a) and they 
are occasionally still seriously discussed in the literature. The revival was the 
result of an attempt to explain certain reactions of the two compounds but, 
without going into detail here, it can be stated that all these reactions can equally 
well be explained on an alternative view of their constitution. 

While Cleve’s formulations of the two compounds are no longer tenable, 
they served the very useful purpose in focusing attention on the problem of 
their constitution. Some fifteen years after Cleve’s work, Jorgensen (1886) 
set out to determine experimentally whether the assignment of the structures 
to the a and p forms as above had been correctly made or not, and in so doing 
he laid the experimental foitndation upon which one of the most important 
advances in our knowledge of th(» structure of platinous compounds was made. 
This was Werner’s introduction of the hypothesis of square coordination. 
Kejecting all previous explanations in terms of structural isomerism, Werner 
(1893) applied to the problem those principles which he had so successfully used 
to account for the constitution of the cobaltic ammines. Realising that, unlike 
cobaltic ammines, which were universally characterised by a coordination 
number of six, the compounds of platinous platinum were always four co- 
ordinated,® he put forward the idea that the a and (3 diammines were geometrical 
isomers (cis and trans) owing their (‘xistcnce to a planar distribution of the four 
bonds about the platinum atom as in Fig. 3. 


NH Cl 



JL{cl3 ) 



y3( trans ) 


Fig. 3. 


With regular tetrahedral bonds from platinum, two isomeric diammines 
are not possible. Although it would seem that Werner never at any time 
explicitly stated that the coplanar bonds were directed towards the corners of 
a square, it is clear from the diagrams of his classical 1893 paper that he considered 
them to be so directed. He never stressed the size of the bond angles in the 
plane, presumably because it was not essential in explaining the geometrical 
isomerism. Actually the term square coordination was first used by Pauling 
(1932) in connection with his quantum mechanical treatment of the directed 
valence bond. 


* Some probable exceptions to this statement will be referred to later. 
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Strictly speaking any one of a number of structures would equally well 
account for the geometrical isomerism of the a and p dichlorodiammines. The 
four bonds from platinum might bo directed towards : 

(1) The corners of a square or rectangle (Fig. 4 (b) and (c)). 

(2) The corners of a pyramid (on a square or rectangular base). Pig. 4 (d) 
shows the first case only. 

(3) The corners of a tetragonal or rhombic bisphenoid. (Fig. 4 (a) shows 
the tetragonal bisphenoid.) 



Bach one of these alternatives has been introduced from tinu' to time, 
to explain the results of some chemical investigation. Thus the third was 
discussed by Kosenheim and Gerb (1933) in explaining the existence of certain 
supposedly optically activ(‘, platinous and palladous complexes. Under the 
name “ paired coordination ’’ it. was also usecl by Drew, Pinkard, Wardlaw and 
Cox (19326) to account for the isomerism of certain tetrammines. The. pyramidal 
structure (2) was suggested by Dwyer and Mellor (1934) as a means of reconciling 
results of experiments on mirror image and geometrical isomerism. 

It does not seem to have been nialised before, that the results of purely 
chemical methods of investigation do not pisrmit a final decision between 
alternatives (1), (2) and (3), and that herein lies the origin of mueh of the eon- 
troversy in this field. To decide between any of these alternatives one must 
have accurate information about the sizes of lln* platinum bond angles. Up 
to the present, chemical methods of investigation (study of composition, isomerism 
and chemical reactions, etc.) do not enable one to measure the size of these 
angles. This would seem an inherent limitation of the chemical method of 
studying molecular structure unless it. is able to call on help in the shape 
of accurately known atomic dimensions derived from physical measurements. 
This limitation applies, of course, to the classical stereochemistry of carbon, 
but fortunately for the development of organic chemistry it has not been of great 
significance. For optical activity to appear in the molecule all 

that is required is that the bonds have a general tetrahedral orientation ; there 
is no need for the bond Rj-C-Ej to be 109° 28' — ^it might be 150° or more. It 
was left to investigators using the techniques of electron diffraction and crystal 
analysis, etc., to show that the carbon bonds are actually directed to the corners 
of a regular tetrahedron. There may be very rare exceptions to the above 
statement of the limitations of the chemical method but none has come to light 
in the chemistry of platinous compounds. 

In view of the impasse which thus confronts the chemical method, it would 
perhaps be more logical now to pass on to the physical methods of studying the 
problem. This course Avill not be followed — partly for historical reasons and 
partly, since the issue has been raised, to show that there is no chemical evidence 
that permits an unequivocal choice between the above alternatives. The 
verdict reached in the final summing-up of the physical evidence is that Ptn 
forms square bonds, a verdict with w'hich the chemical evidence is entirely 
consistent. In other words, all cases of isomerism in the sections to follow 
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undoubtedly originate from square bonding, and while this is assumed, through- 
out it will be seen that any one or other of the three alternatives might equally 
well have applied. 

Geometrical Isomerism. 

The Determination op the Configuration of the Diammines. 

Having decided that the a and ^ diammines were geometrical isomers, 
Werner went a step further and by very ingenious reasoning determined which 
of the two forms was eis and which trans. The reactions concerned (Jorgensen, 
1886) may be summarised under two headings : 

1. Addition Reactions. 

When treated with two molecules of pyridine, a dichlorodiammineplatinum 
forms a diammincdipyridineplatinous chloride. This latter compound can also 
be prepared by treating a dichlorodipyridineplatinum with two molecules of 
ammonia ; 


Clg] + 2 Py 


[PtiPylg cig] ♦ 2MH3 

oL 



[Pt(HH3)2(l‘y)2J (1) 


Similar reactions are observed with p dichlorodiammineplatinum : 
tPtdSHjlg 

[Pt(Py)2 Cl2]+'2HH3 



[Pt(MH3)2{Py)23 CI 2 (2) 


2. Elimination Reactions,^ 

By heating the solids alone or by warming aqueous solutions with (concen- 
trated hydrochloric acid, the a and (3 tetrammines revert, to the dichloro- 
diammines. Thus a dipyridinediammineplatinous chloride, when heated, 
reverts to p dichloropyridineammineplatinum : 

[Pt(NH3)j(Py)2]Cl2 ^[Pt(NH3) (PylCljl+NHs-fPy (3) 

a p 

On the other hand, [i dipyridinediammineplatinous chloride gives rise to 
a mixture of (3 dichlorodiammine and p dichlorodipyridineplatinum 


-2 ry ci23 

[Pt(llH3)2(py)2J 

/3 

^^CPt(Py)2 Clgj 


(4) 


^ These reactions might also be called substitution reactions if we regard them from the 
point of view of the complex ion only. The names have been used in reference to the molecules 
as a whole. 
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The last reaction has been queried by Reihlen and Nestl6 (1926), but the 
experimental work of Jorgensen (1886) and Drew et al. (19326) shows that the 
reaction which takes place is the one formulated. The products were separated 
by fractional crystallisation and identified by preparing distinctive derivatives. 
All other addition and elimination reactions have been checked by Drew et al., 
who used them, not to confirm Werner’s hypothesis, but as a basis for the 
hypothesis of paired coordination links. Suffice it to say that the experimental 
foundation upon which Werner built his “ configuration determination ” has 
stood the test of time. 

Whereas Jorgensen was forced to introduce several arbitrary assumptions 
to account for the above reactions in terms of structural isomerism, Werner 
was able to account for them in a perfectly straightforward manner with the 
help of only one furtlier assumption, viz. “ trans elimination ”. Werner pictured 
reactions (1) to (4) as proceeding in the following manner (Fig. 5) : 



( cl s) 



Py 


pt 


Cl 




Cl. 


ji { ) 


Fig. 5. 

In attributing the cis structure to the a compound and the trans structure 
to the p as above, Werner’s final conclusions have been anticipated. His 
argument in support of this assignment is based on the assumption that, in the 
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course of the elimination reactions, pairs of groups in trans pottUiom only are 
removed. The results of trans elimination are made clear in the following 
diagrams where the dotted lines enclose the eliminated trans pairs (Fig. 6). 




H 3 N Cl 


-Py-NH- 

\/ 

.-'Pt/' 

Cl 3 — ^ 




/ \ 



Cl By 


( cis) fi ( trans) 



,'h ( t rann)' 



An examination of the structure of a (cis) dipyridinediammine plalinous 
chloride will show that elimination of pairs of cis groups should result in the 
formation of a mixture of three compounds, viz. [Pt(NIl3)20l2], [Pt(Py)20l2] 
and [Pt(Py)(lfH3)Cl2], whereas actually only one, the last, is obtained. On the 
other hand, cis elimination from the p (trans) dipyridinediammine complex 
should result in the formation of only one compound, viz. [Pt(Py)(NH3)Cl2] ; 
actually two are found : [Pt(Py)2Cl2] and [Pt(NH3)20l2]. If we accept the 
hypothesis of trans elimination, all the reactions find consistent interpretation 
in terms of a cis structure for a and a trans structure for p [Pt(NIl8)20l2]. 

Such then is the experimental foundation upon which Werner, d^y acknow- 
ledging his debt to Jorgensen, built the planar hypothesis. Yet nearly forty 
years later when reviewing this question, Angell, Drew and Wardlaw (1930) 
remarked : “ Werner, ignoring the relevant chemical evidence of his predecessors, 
(sic.) attributed the isomerism to the presence of cis and trans planar types 
in which platifium exhibited four coordination.” 

Perhaps the chief weakness in the interpretation of the elimination reactions 
is that at one stiige (elimination from the a (cis) [Pt(Py)8(IfH8)2]Cl2) it depends 
on a negative result — failure to find more than one compound. It is a striking 
tribute to Werner’s remarkable insight into the structure of coordination com- 
pounds that all subsequent determinations of the configuration of a and p 
dichlorodiammine platinum have proved the correctness of his assignment of 
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cis and trans structures, and at the same time justified his hypothesis of trans 
elimination — at least for these reactions. 

Further Chemical Evidence Confirming Werner’s Allocation 

OP Configurations. 

With the exception of results from dipole moment studies and from one or 
two incomplete X-ray crystal analyse.s, confirmation of Werner’s work has been 
obtained along chemical lines. 

In the course of extensive investigations of “ ammoniacal platinum bases ” 
Cleve ( 1872 ) reported a very interesting difference in the behaviour of a and p 
[Pt(NH3)2(N03)2] towards oxalic acid solution : the a form was converted to 
a compound with the empirical composition [Pt(NH3)2C204] ; the p to a com- 
pound [Pt(NH8)2(C20 411)2]. Some sixty years later Griinberg ( 1931 ) confirmed 
these observations and first suggested their interpretation. In doing so ho made 
use of a method developed by Werner in his study of cis-t rans configurations 
among the octahedral complexes of Com. Thus Griinberg proceeded on the 
assumption that the C204“ group acted as a bid<mtate chelate only when it 
replaced two NO3 groups in cis positions ; wlien it replaced NO3 groups in trans 
positions the oxalic acid molecule occupied one coordination position. It is 
clearly sterically impossible for the C204“ group to span trans positions if square 
bonding is to be maintained.® 

Since the oxalate group enters the a [Pt(NH3)2(N03)2] as a bidentate 
chelate, this form obviously has the cis configuration. Now [Pt(Nn3)2N03] 




Fig. 7A. 

* The existence of the so-called trans PtPyjSOi would seem to be an exception to this state- 
ment. The compound is, however, a dihydrate and is probably [PtPy,(H 30 ) 3 ]S 04 . 
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is prepared by treating corresponding (a) chloro compound with silver nitrate, 
and if it be assumed that the substitution of NOj for Cl occurs without change 
of configuration, then a[Pt(NH 3 ) 2 Cl 2 ] must also be a cis form, in agreement with 
Werner’s contention. That no change of configuration does occur is shown 
by the behaviour of the oxalate compounds towards hydrochloric acid : the 
oxalate compound made from cis [Pt(NH 3 )j(N 08 ) 2 ] regenerates cis 
[Pt(NH 8 ) 2 Cl 2 ] while the second oxalate compound regenerates the trans dichloro 
compound. These reactions may be represented schematically (Fig. Ik). 

A very similar cycle of reactions has been carried out with a (cis) [PtPyaClg] 
(Drew, Pinkard, Wardlaw and Cox, 1932a) (Fig. 7b). 



Cis (a) [PtPygCla] also reacts with dipyridyl to form [PtPyjDipyJClj (Morgan 
and Burstall, 1934), whereas prolonged boiling of the trans ([i) form with alcoholic 
dipyridyl solution produces no detectable reaction.® Passing reference only 
can be made to other work on the configuration of the dichlorodiammines ; 
further confirmatory evidence is to be found in Grunberg and Ptizyn’s (1933) 
work on glycine complexes (Fig. 8a) and also in some work by Drew (1932), 



HOOC.CHg. 


NH 


Pt 


NH2 


.NH2 CH2 COOH 


NH3 


Cl2 


8a.. 


'Unpublished experiments by the author. 
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who has shown that a (cis) [Pt(lTH3)aCla] reacts with ethylenediamine to form 
[Pt(NH3)2(NHa . CHg . CHgJfHajplg (Fig. 8b), whereas no reaction occurs 
with the trans form. 



Another method, of discriminating between cis and trans [PtAgXa] complexes 
depends on Kurnakow’s ( 1894 ) test, which is based on the reactions : 



Fig. 9. 

These reactions, in themselves, tell one nothing about structure in the sense 
that the ring closure reactions do. Kurnakow’s test has been very frequently 
used by Eussian workers for deciding on the structure of platinous ammines. 
It would be interesting to know how widely applicable the test is, and it would 
be worth while to check it against other substances of known configuration such 
as the thioethe.r, stibine, arsine, and phosphine derivatives. 


The Reliability of the Chemical Method of Determining Configuration. 

A check on the reliability of the chemical method is afforded by dipole 
moment measurements which will be dealt with more fully in a subsequent 
section. Suffice it to say here that confirmatory evidence from this source has 
been obtained with trans [FtPygClj] and with both forms of [Pt(Et28)2(’l2]- 
The reactions of a [rt(Bt28)2Cl2]^ reported by Angell et al. ( 1930 ) show that it has 
a cis structure ; the measured dipole moment of the compound bears this out. 
Dipole measurements unfortunately could not be extended to the ammonia 
complexes owing to their limited solubility in non-polar solvents. 

One interesting point emerges from all this work and that is the remarkable 
stability of platinous complexes. There is no evidence that rearrangement of 


^ This compoiind is referred to cts the ^ by Angell and his collaborators. 
C— April 1, 1942. 
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the atoms or groups relative to one another occurs in a complex during chemical 
reaction, that is, a trans compound retains its trans configuration through a 
series of reactions. As Wells (1936) has shown, in his study of the structure of 
Ag[Go(NH 3 ),(NO() 4 ] this constancy of configuration is not characteristio of all 
complexes. It is certainly not characteristic of square palladous complexes 
which for some reason, as yet unknown, are not as robust as those of platinous 
platinum. 

Moleculae Weight Deteeminations on PiAgXj Complexes. 

Although all the possible polymeric forms of compounds with the empirical 
composition Pt(NH 3 ) 2 Cl 2 have already been discussed, it is necessary to refer 
to this topic once again, because one of the first criticisms of the theory of square 
coordination originated in some work on molecular weight determinations 
(Beihlen and NestM, 1926). Prom a careful study of the vapour pressure lowering 
in liquid ammonia solutions, Beihlen and Xestld showed that trans [Pt(NH 3 ) 2 Cl 2 ] 
was dimeric in that solvent. At the same time they showed that both forms 
(cis and trans) could be recovered imchanged from liquid ammonia and proved 
their technique by measurements on known substances. As the authors them- 
selves point out, the dimerism of the trans form does not prove the square 
hypothesis false. In spite of this and the fact that Pritzmann (1912) had shown 
that both forms of Pt{Se(C 5 Hu) 2 } 2 Cl 2 were monomeric, Beihlen was so convinced 
that Werner’s interpretation of the structures of the diammines was incorrect 
that he began a long series of experiments on optical activity, and eventually 
became one of the chief opponents of the theory of square coordination. 

An ebullioscopic determination of the molecular weight of trans [Pt(NH 3 ) 2 Cl 2 J 
in aqueous solution, admittedly not very accurate (Drew, Pinkard, Wardlaw 
and Cox, 1932a) shows it to be monomeric in this solvent. King (1938) has 
shown that the molecular weights of both forms of [Pt(NH 3 ) 2 (OH) 2 ] are normal 
in aqueous solution. As far as other compounds of the type [PtA 2 X 2 ] are 
concerned there is plenty of evidence that both isomeric forms possess normal 
molecular weights. One may cite the work of Hantzsch (1926) on a and fj 
[PtPy 2 Cl 2 ], Grunberg (1926) on a and p [Pt(NH 3 ) 2 (CNS) 2 ], Angell et al. (1930) 
on a and p [Pt(Et 2 S) 2 Cl 2 ], and finally the very extensive series of measurements 
by Jensen (1935a) on a wide range of thioether complexes (Table I). All this 

Table 1. 


Molecular Weights and Melting Points of Platinous Compounds of the Type 

{After Jensen, 1935.) 


Substance. 

Melting 

Point. 

Molecular Weight. 

Found. 

Calculated. 

/ trans [PtCl,(Et 2 Se) 2 ] 

60- 0 

549*0 

640*7 

\ci8 [PtCl 2 (EtgS 0 )a] 

74*0 

618*0 

640*7 

/ trans [PtCl,(Pr,S),] 

80*0 

531*0 

602*6 

\ci8 (PtCl,(Pr,S)J 

86*0 

698*0 

602-5 

r trans [PtClg(BuaS)ji] 

60*0 

664*0 

668*4 

\cis [PtCl8(BuaS)B] 

84*5 

612*0 

668*4 

f trans [PtClj(i~BuaS)8i 

110*0 

638*6 

668*4 

\ cis [PtCl 8 (i~Bu 2 S) J . . 

138*6 

672*0 

668*4 











PKBSIDENTIAL ADDRESS. 


19 


work leaves no doubt that the cis and trans compounds are monomeric in the 
solvents used. In Jensen’s work there is some evidence of association of the cis 
forms, but only to a small degree and in keeping with what one would expect 
from their higher dipole moment. It is interesting to note, too, the effect of the 
dipole moments on melting points ; of the two, the cis form melts at the higher 
temperature. 

The problem of the dimerism of trans [Pt(NH 3 ) 2 Cl 2 ] in liquid ammonia 
still remains. If dipole moment were the principal factor determining associa- 
tion, one would expect the cis form to be the one more associated. Any 
mechanism of association involving weak hydrogen bonds should operate with 

H 


ci^ N-n - • • ■ Cl 

pt pt 



both isomers and might reasonably be expected to cause association beyond the 
dimer stage. All that can be said at present is that the association of the 
trans form in liquid ammonia is peculiar to this isomer and to this particular 
solvent, and, while inexplicable at the present, it does not weaken the theory of 
square coordination. The importance of the work of Tteihlen and Nestl6 lies 
not so much in the peculiarity of the results obtained as in the stimulus it gave 
to work on the optical activity of platinous compounds to which we shall now 
turn. 

The Mieeor Image Isomerism of Plaiinous Compounds. 

If two unsymmetrical chelate groups such as isobutylenediaminc are tetra- 
hedrally coordinated to a central m(!tal atom, the resulting complex may exist in 
mirror image (Pig. 10 («)) but not cis-trans forms. On the other hand, if the^ 



Fig. 10. 
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chelate groups are coplanar, the complex may exist in cis-trans, but not mirror 
image forms (Fig. 10 (b)). Finally, if Pt^ forms pyramidal bonds, both geometrical 
(cis-trans) and mirror image isomerism are possible ; of the geometrical isomers 
the trans form only is capable of existing in mirror image isomers. Over a 
number of years, Eeihlen and his collaborators working with various unsym- 
metrical chelate molecules (see Fig. 10 (a)) have made repeated claims that they 
have obtained evidence proving the tetrahedral configuration of Pt“. Owing 
to the fact that these claims clash with the main body of evidence, it is necessary 
to examine them in some detail. 

In the first place it must be pointed out that, except in one very doubtful 
instance, Eeihlen and his collaborators have never followed the classical method 
of establishing a configuration by resolution through to its proper conclusion. 
That is to say, the allegedly optically active complexes have never been obtained 
free from the resolving acid (or base). 

In one instance (Eeihlen, Seipel and Weinbrenner, 1935) where this separa- 
tion was reported as having been carried out, the observed rotation was so very 
small (0’06° for a 4 dm. tube) as to be without any special significance. Eeihlen’s 
claims, then, rest on the observation that the molecular rotation, [M], of a salt 
like bi8-aminomethyl-3-ethyl-4-methylquinoline platinous a bromocamphor- 
7c-sulphonate (1) (Eeihlen and Huhn, 1931) is greater (or less) than that calculated 
from the a bromocamphor-7r-sulphonate content of the salt. All attempts to 
obtain an optically active complex free from the acid used for resolution resulted 
in failure which was attributed to racemisation. In view of the stability of 
platinous complexes, already noted in an earlier section, this explanation is not 
specially convincing. 

Unsuccessful attempts to obtain optically active platinous complexes have 
been reported by other workers. Ostromisslensky and Bergman (1910) failed 
with [PtClNHgSOaPy]-, Tscherniaev (1928) with [Pt(NH20H)(NH3)(Py)(N'02)]+, 
and finally Jensen (1938) with bis thiosemicarbazide and bi8-2-aminomethyl- 

3- ethyl-4-methylquinoline platinous ions. Significantly enough, in the last 
instance Jensen did note rotation differences of the same order as were observed 
by Eeihlen and Huhn (1931). 

However, on attempting to isolate an optically active platinous complex 
by precipitation with picric acid, Jensen found that the chloroform solution of 
the resulting picrate was always entirely devoid of optical activity. It is worth 
noting that several of the compounds upon which attempts at resolution were 
made have been described in the isomeric forms to be expected from square 
bonding : thus two forms of bis-isobutylenediamine platinous chloroplatinite 
(Drew and Head, 1934) and bis-phenylethylenediamine-2-aminomethyl-3-ethyl- 

4- methylquinoliue-platinous chloride (Eeihlen, Seipel and Weinbrenner, 1935), 
and three forms of [Pt(NH20H)(NH3)(Py)(N02)]+ (Tscherniaev, 1926, 1928) have 
been isolated. 

In the belief that Eeihlen’s resolutions were valid, Dwyer and Mellor (1934) 
suggested a pyramidal structure for the complexes of platinum and palladium 
with a view to reconciling the findings on optical activity with the known cis 
trans isomerism. This view is, of course, no longer tenable. 

There still remains the question as to what causes the changes in rotation 
discovered by Eeihlen and Jensen. The latter has made the suggestion that 
the bromocamphorsulphonate molecule becomes attached to the platinum 
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atom itself, either (1) by forming the complex (a) 



or (2) by opening the chelate rings to form (6) 

^12^12 N-CH 2 .NH 2 yS 03 CioHi 40 Br 



CH2Hj^2 N«CH2«Nll2 3^1 0^1 2^ 

Fig. IIB. 


Jensen has calculated that contamination of bis-2-aminomethyl-3-ethyl- 
4 methylquinoline platinous a bromocamphor tt sulphonate (I) witli as much 
as 5 % of (a) (Fig. llA) makes so very little difference, to the analytical figures that 
it would not be detected. Formation of the substance (ft) (Kg. 11b) would not 
alter the analytical results. 

Experiment shows (Jensim, 1938) that on the addition of hydrochloric 
acid to (I) (whie.h may be contaminated with (o) or (ft) or both), the molecular 
rotation returns to its normal value, i.e. the value for the free bromocamphor- 
sulphonic acid. Jensen explains this behaviour as being du(^ to the freeing 
of the bromocamphorsulphonic acid from {a) and/or (ft). 

Whether we accept Jensen’s explanation of the rotation changes or not, the 
fact remains that none of the foregoing optical evidence can be said to favour 
the view that Pt“ is tetrahedrally coordinated. Ttather does it constitutt* 
negative evidence for alternative structures but such evidence is seldom very 
convincing because we cannot be certain that the cause or causes of the negative 
result are exactly what we imagine them to be. 

The unsatisfactory situation of the resolution work just described has been 
largely cleared up by Mills and Quibell (1935), who were the first to describe 
stable optically active derivatives of Ptn. Unfortunately, as far as the 
unequivocal proof of the square structure goes, the work of Mills and Quibell on 
mirror image isomerism leaves us in much the same position as does the work 
on geometrical isomerism ; that is to say their results are quite consistent 
with the square structure, but they may be explained in terms of other 
configurations. 

Somewhat mistrustful of the work on geometrical isomerism. Mills and 
Quibell® achieved the synthesis of a very ingeniously devised complex which, 

• “ Although the frequency with which isomerism occurs in compounds containing a complex 
of the type AjPtB, gives great weight to Werner’s interpretation, yet it is always difficult in 
dealing with geometrical isomerism to make certain that the isomeiism is actually of the nature 
supposed. There is no such difficulty with mirror image isomerism.” (Mills and Quibell, 1935.) 
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if planar, would have the symmetry properties required to produce mirror 
image isomers. As it is drawn in Fig. 12 the molecule possesses neither a plane 


<- -Ph-— \ 

p/^ 


*NH' 



Fig. 12. 


nor a centre of symmetry and is therefore resolvable. On the other hand, if 
the chelate group on the left (stilbenediamine) were fixed, while the chelate 
group on the right were rotated through 90®, so bringing about a tetrahedral 
distribution of the four bonds to platinum, the molecule as a whole would possess 
a plane of symmetry. In other words the molecule with a tetrahedral configura- 
tion would no longer be resolvable. 

In point of fact, Mills and Quibell were able to isolate, quite free from the 
resolving acid (d-diacetyltartaric), optically active salts whose great stability 
is entirely in keeping with what is known of the robustness of platinous com- 
plexes. And so for the first time the method of resolution was used to provide 
evidence for the square configuration. In the light of the general body of 
evidence, more especially the physical, there is no doubt that these optically 
active complexes are square, but as Mills and Quibell themselves point out, the 
results might also have been attributed to a pyramidal aiTangement. However, 
they regarded this last configuration as inherently improbable, pointing out that 
if it were the explanation of their results, then certain simpler complexes should 
be resolvable. Inherent improbability is not necessarily a safe argument, as 
the recent discovery of the pyramidal arrangement of four covalent bonds about 
Pb“ (Moore and Pauling, 1941) will serve to show. For the final stages of the 
proof of square coordination we must turn to physical methods. 

Evidence from Raman Spectra Studies. 

In applying Raman spectra to unravelling problems of molecular structure 
the procedure is, very briefly, as follows : Various molecular models^® are set 
up and from symmetry and other considerations the number of Raman lines 
and their states of polarisation are deduced for each model. These predictions 
are then compared with the experimental data and that model adopted which 
gives complete or closest correspondence. It is by no means safe to rely on the 
number of Raman lines alone in deciding betwi^en alternative structures because 
of the risk that a line, though permitted, may be so faint as to escape detection. 
The states of polarisation of the lines are just as important as their number and 
far more difficult to investigate. Nevertheless it is essential that they be 
determined if reliance is to be placed on the structural conclusions drawn. 

As far as square complexes are concerned the simplest Raman spectrum is 
to be expected from an ion like [PtCl*]'’, which should give three lines, one 
polarised. Owing to the difficulties associated with work on coloured solutions, 
K2PtCl4 has not been investigated. Mathieu (1939), who has been principally 
responsible for work in this field, has studied the following colourless (or nearly 
colourless) compounds Naa[Pt(CN)4], Na2[Pt(N02)4], [Pt(NH8)4]01j [PtPyjlCla 
and [Pt(en)j]Cl2. The first compound only gave results upon which a structural 
decision could be made. Assuming that the three atoms PtCN are collinear. 

The number and polarisation of fundamental vibrational Rcunan lines expected for many 
common types of molecules have been tabulated by Hibben (1939) ; square complexes have 
not been included in this scheme. 
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and crystal structure work supports this assumption, the [Pt(GN)4]°‘ ion should 
give either (1) eight lines, for two of which p =0, if tetrahedral, or (2) 

seven lines, two of which are polarised, if square. Six lines, one very faint, 
were in fact observed and of these two were polarised (p~0-36). 


“ Without attempting to study in detail the assignment of the lines to the 
different modes of vibration one concludes immediately that the experimental 
results obtained in the case of the tetra-cyanide are compatible only with the 
square structure ” (Mathieu, 1939). The evidence thus rests on the state of 
polarisation of two lines, since the total number of lines observed was less than 
that required by either the square or tetrahedral model. 

Besides excluding the tetrahedral structure, the Baman spectrum of 
[Pt(CN)4]'“ also rules out the possibility of a rectangular complex (Pt<^90), 
but whether it also rules out the pyramidal structure has not yet been investi- 
gated. Evidence in regard to the elimination of this last configuration is to be 
found in dipole moment and crystal structure studies. 


Evidence from Dipole Moments. 

Whereas all diatomic molecules of the type A — A are electrically symmetrical 
and non-polar, those of the type A — B always have a permanent electric moment. 
In a polyatomic molecule, each bond A — B is associated with a dipole moment 
which can be treated as a vector quantity, the permanent dipole moment of the 
molecule as a whole being the vector sum of the individual bond moments. 
For any molecule with a centre of symmetry, the vector sum of the bond dipole 
moments will be zero, that is, the molecule will have no permanent dipole 
moment. This is found to be true of a number of molecules whose structures 
have been ascertained by other means ; OO2 (linear), BCI3 (planar triangular), 
and 8nCl4 (tetrahedral) and SFg (octahedral) are all centro-symmetrical and 
without a permanent dipole moment. Of the two isomeric dichloroethylenes, 
for example, the trans form only is noii-polar. 

II C Cl H C Cl 


V.\ (; H H C Cl 


[i=-0 [JI-1-89D 

Fig. i;j. 

Other instances could be given but these will suffice to indicate the reliability 
of the method of using dipole moment measurements in testing for centro- 
symmetry.^^ 

Among the dipole studies of metal complexes those of Jensen (1935a, 193()a) 
dealing with isomerides of the type [PtAjXj] have an important bearing on 
the present discussion. The results of some of Jensen’s measurements arc set 
out in Table 2, from which it can be seen that the compounds fall into two 
groups. In the first, where A is represented by various symmetrically substituted 
arsines, phosphines, and stibines, and X by XO2, Cl, Br, etc., the moments are 
either approximately zero or around 8-12 Debye units. The compounds with 
zero moment are obviously the trans forms and those with the large moment, 
the cis forms. In [PtCl2((CH3)3As)2], for example, the resultant of the three 

Whilst a vanishingly small permanent di^le moment proves the presence of a centre of 
sjmunetiy in a molecule, it should be borne in mind that, occasionally, a small permanent dipole 
moment is found in molecules which are on other groimils believed to be centrosymmetrical. 
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Tablk 2. 

Dipole Moments of PUUinoua Compounds of the Type PtA^f. 

(Jensen, 1036.) 


Compound. 

Dipole 
Moment. 
(Debye Units.) 

Compound. 

Dipole 
Moment. 
(Debye Units.) 

trans (PtBr2(Et3P)2] 

0 

cis [PtBr 2 (Et 3 P) 2 j 

11*2 

trans [Ptl2(Et8P)2] 

0 

cis [Ptl2(Et3p)2] 

8*2 

trans [PtCls,(Pr,P)3l 

0 

eis PtCl 2 (PrsP )2 . . 

11-5 

trans fPtCls(Et,As),] 

0 

cis [PtCl2(Et3A8)2] 

10*5 

trans [PtT2(Et3Sb)2] 

1 ft i 

1 i 

cis [PtCl,(Et,Sb)j] 

9*2 

trans (PtCl2(Bu3p)2j . . j 


cis [PtCIj(l}n3P).,l 

11*5 

1 rails rPtCl2(Pr2S)2J 

2*35 

cis fPtCl2(Pr,S)3] 

9-5 

trails [PtOl2(Bu2S)2J 

2 - 3.5 1 

cis [PtCljtBujS)^ . . 1 

9-2 

trans [Pt(N02)2(Pr2S)2l . . 

2-48 1 

cis |Pt(N03)3(Pr3S)3] .. 1 

KM 

trails |PtBr2(Et2S)2l 

2-26 j 

1 

cis rPt.Br2(Et2S)2] 

8-9 


As — C bond moments is directed along the Pt — As bond irrespective of whether 
there is or there is not rotation about the Pt — ^As bond. The only reasonable 
structure for [PtCl2((OH3)3As)2] which could give zero moment is the trans 
planar (Fig. 14a). 



In the second group, which comprises the thioether complexes, there is a 
large difference between the a and p forms, the dipole of neither form being zero. 
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However, it is concluded that the compounds with the larger moments are the 
cis forms and those with the smaller the trans forms. If we make the reason- 
able assumption that in trans [Pt(Et 2 S) 2 Cl 2 ] the platinum bonds are coplanar, 
the small moment of the molecule can be accounted for in terms of the known 
configuration of tercovalent sulphur. Indeed the moment of the trans form may 
be looked upon as supplying further proof that the three sulphur valences are 
not coplanar. The diagram (Fig. 14b) will make it clear that the S — 0 moments 
are not directed along the direction of the Pt — S bond, and that the molecule as 
a whole must have a resultant dipole moment. 



Jensen’s work provides a neat physical method for determining the con- 
figuration of metal complexes and at the same time it confirms the results of 
chemical methods of attack on this problem. More important still, it shows 
that the complexes are strictly planar, and in fact constitutes one of the strongest 
pieces of evidence against any suggestion of a pyramidal configuration. From 
the relevant dipole <lata it is estimated that, the platinum atom cannot, at most, 
be more than 0 -08 A from the plane of the four attached groups. Dipoh*. 

■ f’l 

measurements do not tell us what the magnitudes of the 


bonds angles are, and hence do not enable us to say whether the coordination 
■Cl, 

‘As’ 


IS square 


\JL\J AXV»U I'XJICKA/XX^ llO I W 1XC5 1'llt. J L'lXt- ViUVXX IX-XllO) UX4X11 

;i Hepartures from angles of 90° do not disturb 


the centrosymmetry of the complex, the minimum n^quirement 1o account for a 
dipole moment of zero. For proof of square as against rectangular coordination 
we must consider the findings of X-ray analysis of crystals. 


The Cbtstal Structure of Plattnous Compouvds. 

When based on sufficient reliable intensity data and carried through to 
completion. X-ray crystal analysis may be looked upon as a final court of appeal 
in structural problems. Often, however, a crystal may be so complicated and 
the difficulties associated with its determination so great that only a partial 
solution can be obtained. Evidence from crystal structure analyses must 
therefore be given varying weight according to the completeness of the analysis, 
always assuming of course that each stage has been reliably determnuid. Several 
stages in an analysis may be recognised : (1) the determination of the size of the 
unit cell and the number of molecules contained therein. As a rule the number 
of molecules per unit cell determines to a large extent the complexity of a 
structure. If there happen to be a large number of molecules, in themselves 
fairly complicated, the task may prove extremely difficult, if not impossible, 
at this stage of the development of X-ray technique. An investigation termi n ated 
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at the first stage is of little use, although on sereral occasions attempts have 
been made to use the fact that one of the dimensions of a unit cell is very small, 
to prove the existence of some planar structure. Conclusions based on such 
slender evidence must be accepted with caution, because a small cell dimension 
may be explained in some other way.^* 

(2) The second stage leads to the determination of the space group which 
describes fully the symmetry of the crystal structure. Once the number of 
molecules per unit cell and space group have been determined, it is possible 
to state the symmetry elements of the molecule itself. By these means, the 
following molecules (or ions) have been shown to have a centre of symmetry. 

(o) Bis salicylaldoxime platinum (Cox, Pinkard, Wardlaw and Webster, 
1935c). 

(b) Bis dimethylsulphine dichloro platinum (Cox, Saenger and Wardlaw, 
1934a). 

(c) Bis ethylenediamine platinous ion (Cox and Preston, 1933). 

In all these instances centrosymmetry is consistent with trans planar 
structures for the complexes, but not with tetrahedral structures. 

(3) The third and final step involves finding the exact location of each 
atom in the unit cell, and as a rule this becomes increasingly difficult as the 
number of parameters required to fix these positions increases. Relatively few 
complete structure determinations have been made on platinous compounds 
and they have, for the most part, been confined to relatively simple structures. 
N<‘vertheless the results are of great stereochemical interest. The structures 
of the following substances have been completely determined and in every 
instance square complexes have been found : 

(1) KaPtCl* (Fig. 15). 

(2) [Pt(NH3),]Cl2H20 (Fig. 16). 

(3) KjPtCOSi (Fig. 17). 

(4) PtCg^H^Ng. 

(5) PtS (Fig. 18). 

The first substance examined was K 2 PtCl 4 (Dickinson, 1922), which together 
wit h K 2 PdOl 4 belongs to the tetragonal system and has one molecule per unit 
cell. Because K 2 PtCl 4 and [Pt(NH 3 ) 4 ]Ol 2 form the starting matt'rials for the 
preparation of many of the isomeric ammines discussed ('arlier and in this sense 
are key substances, their structure will be discussed in detail. 

K 2 Pt 0 l 4 possesses an unusually simple structure, involving as it does but 
ou(‘ parameter, a parameter to fix the position of the chlorine atom in the plane 
of the platinum atoms as shown in the accompanying figure. The positions 
of the potassium and platinum atoms are fixed uniquely by symmetry. 

In the absence of any crystal faces indicating the contrary, Dickinson 
assumed that the crystal belonged to the holohedral class and his final structure 
determination in a sense justified this assumption. Nevertheless it is always 
useful to have some independent evidence of the absence of lower symmetry in 
the crystal. Such has been provided by piezoelective tests (Theilacker, 1937) 
and pyroelectric tests (Mellor and Quodling, 1935), both of which show that the 
crystal does not lack a centre of symmetry. 

The isomorphous palladium compound has been reinvestigated with more 
recently developed X-ray technique by Theilacker (1937) and Dickinson’s (1922) 
earlier work completely confirmed. From his intensity data Theilacker concludes 


“ Because one of its cell dimensions is small as compared with others it has been suggested 
(Cox et al., 1937a) that the compoimd CoPyiClj contains square coordinated Con. Magnetic 
evidence is against this suggestion, and the small cell dimension can be explained on the basis of 
an octahedral structure (Mellor and CoryeU, 1038). 
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that the palladium atom caunot, at most, be more than 0*2 A. out of the plane 
of the four chlorine atoms, and that since this is not much greater than the 
experimental error it is practically certain that all five atoms are strictly co- 
planar. Certainly all the evidence on the symmetry of the crystals points to 



Fig. 15. K.CPtCIJ. 



F^. 16. [Pd(NH,)4]Cl.H,0 and [PKNH.j^jCl.H.O (Stmkturbericht). 
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Fig. 17. K,[Pt(COS)J (Strukturbericht). 


tMs conclusion. If it is accepted, then it follows immediately from the tetragonal 
symmetry of the crystal that the four Pt-01 bonds are at exactly 90®, and that 
the [PtCl 4 ]" complex is definitely square. The stereochemical implications 
of this crystal structure determination were not at first fully realised. They 
are, however, most important, because for the first time accurate information 
of the orientation of the four platinum bonds became available. One or two 
additional points about the structure are worth noting. Firstly, the strong 
negative double refraction of the crystal (Mellor and Quodling, 1936) is consistent 
with the structure attributed to it. Several small discrepancies between 
observed and calculated intensities in Dickinson’s work on K 2 PtCl 4 can be 
explained on the basis of the anisotropic thermal motions of the platinum atoms 
(Helmholtz, 1936). However the thermal oscillations of platinum atoms are 
about fixed mean positions so that no modification of the square structure is 
required. 

The second relatively simple compound, rPt(NH 3 ) 4 ]Ol 2 HaO, was first 
investigated by Oox (1932), who assigned to it a structure the same in essentials 
as K 2 PtCl 4 - with the two Cl~ ions occupying the positions of the 2K+ ions and 
the [Pt(Iirn 3 ) 4 ++ that of |PtCl 4 ]-. 

Subsequent work has shown that while the essential features of the 
[Pt(NH 3 ) 4 ]++ complex ar<.* as Cox reported them (the four platinum valences 
coplanar and directed towards the corners of a square), the structure of the 
crystal is a little more complicated, requiring for its proper description a two- 
molecule unit cell (Dickinson, B.N., 1934).*® The two molecule cell arises from 
the small rotations of the [Pt(NH 3 ) 4 ]++ complexes and chlorine atoms about 
the “ e ” axis (Fig. 16). Kobertson and Woodward’s (1940) analysis of platinous 
phthalocyanine is one of the most extraordinary X-ray analyses carried out to 
date, but it adds little to the general theme developed here. The phthalocyanine 
molecule is a huge planar molecule and any metal atom attaching itself to it by 
the four pyrrole nitrogen atoms must do so by coplanar bonds. 

In the crystals so far mentioned the complexes have all belonged to the 
finite class. In the last crystal of the group, viz. PtS (Bannister and Hey, 1932) 
we find a new type — an infinite complex extending throughout the crystal in 
three dimensions. Platinum and sulphur maintain a coordination number 
four by appropriate sharing of atoms ; portion of an infinite chain structure can 
be seen in the unit cell of PtS shown in Fig. 18. 

Finally we come to several structures which have not been directly deter- 
mined but which may be inferred from the complete crystal analysis of an 
isomorphous crystal. Square coordinated metal complexes are found in each. 


” Dickinson’s most detailed work actually related to the isomorphous palladous compound 
Pd(NH,)4Cl, . HjO. 




PBESEDENTIAL ADDBESS. 


29 



Fig. 18. PtS. 


and it must suffice merely to list them witli the completely analysed crystal 
indicated in brackets : 

(а) Bart(C]Sr) 44 n„ 0 (JlaNi((]N) 44 Il 20 ) (Brasseur and d(‘ iiassenfosse, 1938). 

( б ) Na 2 Pt(CN) 43 li 20 (Na,Ni((m) 43 n 2 ()) (Brasseiir and de Kassenfosse, 1941). 

(c) PtOl 2 (PdOl 2 ) (Wells/l938). 

(d) PtO(PdO) (Moore and Pauling, 1911). 

Some Optical Properties of the Crystals of Platinous Compounds. 

Taken by itself, evidence from crystal optics is not specially significant, 
but in conjunction with other data it may often afford valuable confirmation 
of the existence of certain structural features in a crystal. It is interesting to 
recall that von Lane’s discovery of the diffraction of X-rays upon which thii 
science of crystal analysis was built, was in no small measure conditioned by 
Ewald’s theoretical studies of the double refracition to be expected from certain 
postulated atomic arrangements in crystals. Th(i science of crystal analysis 
has amply repaid this debt, by providing such a w<*,alth of information about 
atomic arrangements as to enable the formulation of useful correlations between 
structure and optical properties. 

The striking double refraction of crystals of the isomor])houK series CaCOg, 
NaNOs and ScBOj, for which the presence of parallel planar XO 3 ions is 
responsible (Bragg, 1924), suggested that similar optical properties would be 
found among crystals containing square coordinated Pt^. 

According to the results of X-ray analysis the square ( PtCl 4 ]*^ groups in 
K 2 PtCl 4 are all arranged parallel to 001. If this arrangement is correct th(‘ 
crystal should show strong negative double refraction, which indeed it dotjs 
(Mellor and QuodUng, 1936). Had the four chlorine atoms been tetrahedrally 
arranged about the platinum, one would have anticipated a small double refraction 
of the same order as that found in crystals containing 804 "=, PO4", C104“, etc. 

Information about the crystal optics of other platinous compounds is 
summarised in Table 3, from which it can be seen that throughout, the double 
refraction is high. The high double refraction of Zeise’s salt (K[PtC 2 n 4 Cl 3 ]) 
is interesting ; it is not known just how the ethylene is incorporated in the 
complex but the complex undoubtedly has a square configuration. 

The strength of the double refraction of a crystal will depend on mutual 
arrangement of any anisotropic units it may contain, being greatest, and negative, 
when they are all parallel to one another as in CaCOs and K 2 PtOl 4 . Certain 
arrangements of planar groups result in positive double refraction, as in bast- 
nsBsite (Wooster, 1938) ; with other arrangements, less probable no doubt, it 
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Tabi^b 3. 

The Birefringence of Some PkUinoua Compounds, 


Substance. 

Symmetry. 

COD 

aD 


eD 

YD 

Double 

Refraction. 

K^EPtClJ* 

Tetragonal. 

1-683 

— 

1-553 

-0130 

Ba[Pt(CN)4]4H802 

Monoclinic. 

1-6706 

1-677 

1 - 8982 

+0-2276 

Mg[Pt(CN).]7H,0» . . 

Tetragonal. 

1-561 

— 

1-910 

+0-350 

LiK[Pt(CN)4]3Ha04 . . 

Orthorhombic. 

1-6237 

1-6278 

2-2916 

+0-6679 

trans [PtPyNHjClg] • .. 

Triclinic. 

1-653 

1-732 

>1-79 

>-0137 

CIS [PtPyNHjClaJs 

V 

1-624 

1-732 

>1-79 

> -0166 

K[PtCl«C*H4]H,0» 

Monoclinic. 

<1-627 

— 

1-717 

>-0-090 

NH4[PtCl8C8H4]H,0« .. 

Monoclinic. 

<1-623 

— 

1-702 

>? 0-079 

Na8[Pt(CN)4l3H80» 

Triclinic. 


— 

— 

High and 
negative. 

Sr[Pt(CN)4]5H80,’ 

Monoclinic. 

1-547 

1-613 

1-637 

-0-090 

K,[Pt(COS)4]« . . 

Monocliuic. 

— 

— 

— 

Extremely 

high. 


^ Mellor and Quodling, 1935. This Journal, 69, 167. 

* Winchell. “ The Optic and Microscopic Character of Artificial Minerals ”, No. 4, p. 15. 

Univ. Wisconsin Studies in Science, 1475. 

® Gaubert, 1917. Bull, Soc. Fr. Min., 40, 177. 

•Winchell. Ibid., p. 20. 

‘^Gelman, 1939. C.R. Acad. Sc. U.R.S.S., 22, 107. 

•Jorgensen, 1900. Z. anorg, Chem., 24, 153. 

’ Brasseur and de Rassenfosse. Mem. Acad. Roy. Belg., 16 , 1. 

® Cox, Wardlaw and Webster, 1935. J. Chem. Soc., 1475. 

• Brasseur and de Rassenfosse. Ibid., 1941 [2], 4, 397. 

is conceivable that a very low double refraction could be produced. Thus, 
while high double refraction undoubtedly indicates the presence of highly 
anisotropic units in a structure, low double refraction does not necessarily 
mean that such units are absent. In this connection another situation which 
may arise must be kept in mind. Double refraction is subject to dispersion, 
that is, it varies with wave length and one may just happen to choose, for making 
a measurement, a wave length where the double refraction is low or at a minimum. 
This point is well brought out in Brasseur and Eassenfosse’s recent (1937 and 
1941) extensive studies of the crystal optics of a whole series of complex cyanides 
of the types Ba[Me(CIT)4]4H20, CaMelCNj^SHaO, Sr[Me(CN)4]4HaO and 
Na2[Me(CN)4]3H20 where Me=Pt, Pd and Ni. Without exception, these 
substances show high double refraction, and for all except three, BaPt(Clf)44H20, 
Mg[Pt(CN)4]7H20 and Ca[Pt(CN)4]6H20, the sign of the double refraction is 
negative. A complete crystal structure analysis of BaNi(0N)44H2O reveals a 
structure which accords with high negative double refraction. The positive 
sign of the isomorphous platinum compound is an extremely puzzling anomaly 
for which no explanation has yet been given. There is little doubt about the 
observations on the positive sign since the same results have been reported by 
several workers. It would seem that Bragg’s theory of the origin of double 
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refraction of planar complexes needs further refinement if it is to take account 
of these platinum compounds. 

Magnetic Anisotropy. 

Practically nothing has been done on the diamagnetic properties of platinous 
compounds, but it can reasonably be expected that like CaCOg, NaNOg, etc., 
they will show pronounced anisotropy. Some very early observations on 
0a[Pt(CH’)4]5H2O were made by Grailich ( 1868 ), who reported that the direction 
of greatest ^amagnetic susceptibility is parallel to the “ c ” axis of the (ortho- 
rhombic) crystal. This would place the plane of the [Pt(CN)4] group approxi- 
mately perpendicular to the “ c ” axis, whereas the optical properties suggest 
a different orientation. The crystal optics of the isomorphous nickel compound, 
Ba[M(CN)4]4H20, place the plane of the [Ni(CN)4] group approximately parallel 
to the “ c ” axis in qualitative agreement with the observations on the diamagnetic 
anisotropy of the platinum compound. Further work, possibly along the lines 
of that of Born ( 1923 ) and Hylleraas ( 1927 ) on quartz and calomel, is needed 
to clear up the anomalous behaviour of these platinum compounds. 

Some Beactions of Square Complexes. 

Trans Elimination. 

In the light of th<“ crystal structure determinations of K2PICI4 and 
jPt(NH3)4]Cl2H20 it is of interest to note at this stage certain features of the 
reactions involved in the formation of the isomeric diammines. The most 
important of these is the process of trans elimination discovered by Werner. 
So far little has been done towards providing a satisfactory imderstanding of 
this phenomenon, and all that will be attempted here will be to formulate some 
of the problems that arise. At the outset it is obvious that trans elimination 
cannot be a perfectly general reaction, because although it provides an explana- 
tion of some of the transformations, cis elimination must be invoked to explain 
others. 

Let iis consider first the reaction responsible for the discovery of trans 
elimination 

[Pt(NH3)4] + + [Pt(NH3)2Cl2] 

trans 

If we regard the elimination of the two molecules of ammonia as occurring 
simultaneously, we might suppose that as the two trans molecules depart two 
chlorine atoms enter the trans octahedral positions to form a new trans square 
complex, as shown in the accompanying diagram. 

Cl 


Sr 



Cl 

Fig. 19. 
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But matters are not so simple as this. As already pointed out, the two 
reactions below proceed stepwise: 

[Pt(NH3)J++ [Pt(NH3)3Cl]+_^' [Pt(NHs)aCl,] 

fptcl.r ^ rptNH^a r ^ [pt(NH3)3C4] 

a 


If the complexes were tetrahedral it would be impossible to account for 
the two different end products of these reactions. Let us imagine we have 
a square complex 



into which another X is to be substituted for one of the A’s. In what circum- 
stances does the first X group direct the second one entering, to the cis position 
as in [PtNHaCla]" or to the trans position as in [Pt(NH3)301]+ ? At first sight 
it might seem as though X groups arc trans directing when present in cationic 
complexes. Pinkard, Saenger and Wardlaw ( 1933 ) have studied very thoroughly 
the elimination reactions occurring with tetrammines containing ammonia, 
pyridine and hydroxylaminc, and in every instance the reaction inScates trans 
elimination. (See Fig. 20 .) It will be seen that no other X group than 01 was 
investigated, and as far as the author is aware no systematic work has been 
done on this point. In this connection the behaviour of certain nitro palladium 
comi)ounds is worthy of note. From the evidence available (Mann et ah, 1935 &) 
it would seem that NOj" group is cis directed when it enters the complex 
[l’d(X 113)3X03]+ and trans directed when it enters the complex [Pd(NH3)(X02)3]~, 
which is just the opposite of the behaviour of chlorine in the above platinum 
complexes. 

Two examples will sufiBce to show that the charge on the complex as a whole 
is not the factor determining directive influences. When [Pt(Nn3)2dipy]Cl3 
is treated with hydrochloric acid, the cis ammonia molecules are eliminated. 
This is perhaps hardly a fair test case because if ammonia molecules are to be 
eliminated there is no choice, but cis elimination. A more convincing case is 
the one discovered by Jensen ( 1935 a) who, in the course of his dipole moment 
investigations, found that when an aqueous solution of K2PtCl4 is treated with 
four molecules of triethylphosphine, a colourless solution of [PtP(C2H5)3 4]Cl2 
is formed. This solution on standing deposits cis [Pt(P(C2H6)3)2Cl2] (ii.~ 10-7 D) 
and the only way this latter substance can be formed is by cis elimination from 

[PtP(C2H3)3 4]Ci;. 


Cis Elimination. 

The reaction between ammonia and the [PtCl4]“ ion seems typical of many 
amines. Cis elimination from this ion is known to occur with ethylamine, 
pyridine, hydroxylamine, aniline, etc., but again the reaction is not a perfectly 
general one. Some very interesting work in this field has been published by 
Tschemiaev and his school (Tschemiaev and Gelman, 1936 ; Gelman and 
Bauman, 1938 ). One of their most important findings is that order of substitu- 
tion plays an important part in some complexes. Thus it was found that when 
ethylene is passed through Cossa’s potassium salt, K[Pt(XH3)Cl3], 
cis [Pt(NH8)(C2H4)Cl8] is formed. On reversing the order of introduction of the 
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Fig. 20. 


groups, i.e. by treating Zeise’s salt, K[PtC2H4Cl3], with atnmunia trans 
[Pt(NH3)(C2ll4)Cl2] is formed. Similar behaviour was observed on substituting 
carbon monoxide for ethylene but the effects of ordered substitution are confined 
to unsaturated substances like ethylene and carbon monoxide. It does not, 
for example, make any difference whether K[PtPyCl3] is treated with ammonia 
or K[Pt(NH3)Cl3] with pyridine, cis [PtPy(NH3)Cl2] is the result. These 
instances are sufficient to show that the directive influences in substitution in 
square complexes present an interesting problem for the theoretical chemist. 

The Univeesalitt of the Squaee Steuctuee among Platinouk 

Compounds. 

It now remains to consider whether the square structure is universal among 
Pt“ compounds and as characteristic of that atom as the tetrahedral structure 
is of carbon. The cases put to the test in physical investigation are necessarily 
few in number. As there is now no doubt about the origin of the geometrical 
isomerism, a better idea of the extent of the occurrence of the square structure 
can be gained from a brief survey of isomeric forms. Final warrant for extra- 
polating to cover all platinous compounds will be found in the quantum theory 
of the directed valence bond. 

D— April 1. 1»42. 
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Varieties of Isomeric Square Complexes. 

It is a simple matter to draw up a scheme showing the types of isomeric 
complexes which are possible on the assumption that Pt° is square coordinated, 
and it is interesting to see how far these possibilities have been realised in practice. 
At the same time the scheme wiU give some idea of the complexity introduced 
into the chemistry of Pt° by its habit of forming square bonds. All finite 
mononuclear complexes of quadricovalent Pt^ must f^l into one or other of 
these classes : 

(a) [PtAJ++ (6) [PtAsX]+ (c) [PtA4X*]° 

id) [PtAXg]- {e) [PtX^r 

In the scheme adopted the following symbols have been used : 

( 1 ) A, B, C, etc., to represent neutral molecules, e.g. XH3, C5H5N, XHgOH, 
N8H4, MeNHj, EtNHj, AsClg, P(CH8)s, EtjS, etc. 

(2) A^B to represent an unsymmetrical bidentate chelate group attached 
by two coordinate links, e.g. isobutylenediamine. 

( 3 ) A'~'Z to represent an unsymmetrical chelate group attached by a coordi- 
nation link and one primary link, e.g. glycine. 

( 4 ) X, Y, Z . . . etc., to represent a negatively charged atom or group 
such as (.11-, CN-, NOg-, OH", etc. 



Examples. 

Ai, 8 : cis and trans [Pt(XH3)2Cl2] 

A3, 4 : cis and trans [Pt(NH3)(Py)Cl2] (Jorgensen, 1866 ). 

Aj, 4 : cis and trans [Pt(IirH3)2(N03)0H]. 

A, : |Pt(C2H8)2S(C2H5)3SeI,Cl] (Petren, 1898 ). 

Aio) 11 : No examples known. 

Aj 2, 18 : {Pt(XH2 . CHg . COO)a] (Grunberg and Ptizyn, 1933 ). 

Numerous examples of classes 2 and Bi, 2 have been described throughout 
the literature. On a rough estimate there must be several hundred examples 
of isomeric forms of all kinds. The most comprehensive lists are to be found in 
“ A Comprehensive Treatise on Inorganic and Theoretical Chemistry ”, Vol. 16 , 
1937 , J. W. Mellor, Longman and Green, London, and in “ Handbuch der 
anorganische Chemie ”, Bd. 5 , Teil 3 , Gmelin and Kraut, Heidelberg. All 
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allegedly isomeric forms in excess of those required by the hypothesis of square 
coordination have been shown to be either impure or forms or dhnorphs. (Jensen, 
19366.) 


Class B. Divalent Cationic Complexes. 
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13 


B„ 2 : (iis and trans [Pt(Nll 3 ) 2 p.v) 2 l ' ' (Jorgensen, 180(5). 

Bg, 9 : cis and trans [Pt(NH2 . 0 ( 0 H 3)2 • ^^112^^^12)2]^'* (Drew and Head, 
1934 ). 

Bio, II : cis and trans [J’tiNHg . OHg . OHg . CgHg . NIIgiiOigHigN .CH2Nn2)]++ 
(Reihlen, Seipel and Weinbrenner, 1935 ). 

B,2,i 3: cis and trans [Pt(?fH3)(C2H5 . NH2)(NH2 . OiOHa)^ . CH2NH2)]++ 
(Drew and Head, 1934 ). 


Class C. Monovalent Cationic Complexes. 


A A 

+ 

A B' 

4- 

A B 

+ 

B (V 


C B 

Pt 


Pt. 


Pt 


Pt 


Pt 

B X 


X A 


C X 


A X 


A X 


A ^ B 


A ^ B 

+ 

A Ti 


A Z 

Pt 


Pt 


Pt 


Pt 

C X 


X 0 


B C 


0 B 


Examples. 

Cl, 2 : cis and trans [Pt(NH3)2(NH20H)N02]+ (Tscherniaev, 1926, 1928). 

C3, 4, B three isomers of [Pt(NH3)(Py)(Nn20H)N02]^ (Tscherniaev, 1926, 
1928). No examples of the other classes are known. 

A classification along the same lines could be drawn up for anionic classes 
of the types: PtX2Y2~, PtXaYZ" PtAXYZ-, PtAX2Y', etc., but as only 


Groups other than uni and bidentate have been omitted from this scheme. 
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one case of isomerism appears to have been recorded among these compounds, 
and as the classification would simply repeat much of that already given, the 
scheme will not be pursued further. The discovery of two forms (Biabtchikov, 
1940) of 



Fig. 21A. 


would seem to make it worth while reinvestigating substances like K 2 Pt(N 02 ) 2 l 2 
(Nilson, 1886) and K 2 Pt(N 02 ) 2 C 204 (Vezes, 1903). The scarcity of isomeric 
forms may well be due to the fact that it is more difficult to make the appropriate 
substitutions in anionic complexes. No attempt has been made to draw up a 
scheme for isomeric polynuclear compounds, mainly because no single example 
of isomerism has yet been found even among those of the simplest type like 

Cl Cl 

''n' (Anderson, 1934), Jensen (3 935fe) and others). More complex 

Cl Cl 

polynuclear forms with correspondingly increased possibilities of isomerism are 
conceivable, but there is practically no evidence for them to date. In this 
regard certain cyano compounds would probably repay investigation. For 
example the composition of one of them described long ago by Oleve (1872), 
namely [PtNH 3 (CN) 2 ]x, suggests that it may have the structure 


N 

111 

NH, C 

I I 

If =C— Pt— N sC — Pt— NH 3 

I I 

C N 

III III 

N C 

I I 

NH3— Pt— C sN — ^Pt— C =N 

I I 

C NH3 

III 

N 


Fig. 21B. 


Theoretical Evidence. 

By the application of general quantum mechanical principles to the problem 
of the orientation of chemical bonds Pauling (1931) has, on the basis of a single 
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postDlate,^® derived a large number of results of great stereochemical interest. 
It is perhaps no serious test of the theory of the toected bond that it predicts 
the square bonding of Pt°, although the general evidence for this latter was not 
so strong at that time (1931). Nor should it be implied that support for the 
quantum mechanical theory of the directed bond comes only from the experi- 
mental results dealing with quadricovalent elements. It is, however, necessary 
to restrict the discussion here to the deductions of the theory relating to such 
elements. The relevant rules are these : 

(1) Square bonds will be formed whenever dsp^ orbitals are involved in 
bond formation. 

(2) Tetrahedral bonds will be formed whenever sp® orbitals are involved in 
bond formation. 

Any atom whose structure is such as will permit the use of dsp^ orbitals, 
that is any atom with a vacant d orbital just within its valence shell, will form 
square, rather than tetrahedral bonds, because by so doing a more stable structure 
will result. The electronic structure of Pt^ fulfils just these conditions. 

From the numerous examples of planar structure already dealt with, and 
from the above rule, it is a fair inference to conclude that square bonding is as 
universal among platinous compounds as tetrahedral bonding is among carbon 
compounds. 

Non-Planar Structures. 

Such an inference does, however, require several qualifications. 

Firstly the above bonding rules refer only to electron pair or covalent bonds. 
If the difference between the electronegativities of the atoms is sufficiently 
large they may be held together by predominantly ionic tetrahedral bonds 
which do not involve pairing of electrons as in covalent bond formation. The 
mere fact of an atom forming square bonds shows that the bonds are covahmt, 
since the configuration of minimum potential energy for four ionic bonds is the 
tetrahedral one. As will be discussed more fully in the sequel, the magnefic*. 
criterion may be used to distinguish between the two bond types. If Pt^i 
formed ionic bonds, i.e. if platinum existed as the Pt++ ion in any of its com- 
pounds, these should be paramagnetic with susceptibilities corresponding to the 
presence of two unpaired ele(;tron spins. As a matter of actual experience all 
platinous compounds examined to dat(i have jnoved to be diamagnetic, from 
which we can infer that platinum does not exist in the ionic, condition in any of 
these compounds. About the only likely compounds in which Pt++ might be 
found are those with fluorine, the most electronegative of all elements, but very 
little is known of such compounds. The few referred to in the literature 
(Mellor, J. W., 1937) are by no means well defined, and in no case has any 
magnetic work been done on them. Nevertheless this possible exception to the 
general rule must be borne in mind. 

Secondly the bonding rules refer only to compounds in which Pt“ has a 
coordination number four. While this number seems almost universal, th(*r(! 
are one or two rare but well authenticated cases where it rises to six. So far 
the proofs are chemical, and some useful work remains to b<‘. done in checking 
the chemical findings by crystal structure analyses or by some other means. 
There are at least two compounds in which the chemical evidence for a coordina- 

“ Of two orbitals in an atom the one which can overlap more with an orbital of another 
atom will form the stronger bond with that atom and moreover, the bond formed by a given 
orbital will tend to be in that direction in which the orbital is concentrated ” (Pauling, 1939). 

Another way of putting this is to say that “ the bond energy is lowest and the bond conse- 
quently most stable, if there is as much overlapping as possible between the wave function or 
orbital of a given electron and that of the electron with which it is paired and as little as possible 
between it and those of all other electrons on other atoms ” (Rice, 1940). 



38 


D* P* MSX/IiOH* 


tion number six is strong; the platinons bis complex 

(Mann and Pope, 1926a ; Mann, 1929) and cis and trans bisacetonitiile tetram- 
mine platinous chloride (Tschugaeff, 1915). There may be other instances, but 
they are rare and certainly do not include substances like [Pt(NHs) 4 pls, to which 
Hantzsch and Bosenblatt (1930) have attributed an octahe^al structure. 
Crystal structure evidence on this last substance is quite definitely against 
octahedral coordination. 

Finally, it must be emphasised that the quantum mechanical rules relating 
to the directed chemical bond refer only to bonds free to arrange and that where 
this condition obtains the bond angles found are very close to those required by 
theory. Thus electron diffraction studies show that in methylene chloride, 
chloroform, propane, isobutane and other such molecules the angles between 
single bonds to carbon are from 109" to 112", close to the tetrahedral value of 
109" 28'. Yet there is not the slightest doubt that in cyclopropane the angles 
between single bonds to carbon are 60". Permanent bond angle distortions 
inherent in the configuration adopted by a molecule are by no means rare 
(Mellor, 1940) and must be allowed for in discussing the stereochemistry of 
platinum. Crystal structure analyses reveal bond angles of 90" in KgPtCl^, 
Pt(NH 8 ) 4 Cl 2 , etc., but there may well arise instances where, under duress, as it 
were, such large bond angle distortions may be produced as to alter completely 
the symmetry of a complex. Two examples of what may be called “ forced 
configurations ” will be considered here. The first is the compoimd P(3'P" 
triamino triethylamine platinous chloride described by Mann and Pope (19266). 
Tf platinum is regarded as having a coordination number four, then it is sterically 
impossible for it to be square coordinated here. (Se(‘ Fig. 22.) 


■MNH 


z 




Platinum might conceivably be octahedrally coordinated in this compound 
but without a crystal analysis it is difficult to eliminate this possibility with any 
degree of certainty. The same objection does not apply to compoimds con- 
taining bis - 3 : 3' : 6 : 6' - tetramethyl - 4:4' - dicarbethoxydipyrromethene 
(Fig. 23A). 
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Porter has shown that if this substituted pyrromethene, with methyl groups 
in the a positions, functions as a bidentate chelate group, and the evidence is 
that with many metals it does, then any attempt on the part of the chelate to 
assume a planar configuration is prevented by steric hindrance. The a methyl 
groups (asterisked in Fig. 23a) must clash. The clashing is more serious than 
might be gathered from Fig. 23a. In redrawing it with the appropriate dimen- 
sions (Fig. 23b) the extent of the overlapping of the methyl groups is indicated 
by horizontal shading. It should be pointed out that, owing to resonance in 
the pyrrole ring, the a methyl groups and the ring would normally be coplanar. 



Fia. 23B. 
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Under stress the methyl groups might be bent to some small extent out of the 
plane of the pyrrole ring, but because of the large van der Waal’s radius of the 
methyl group, 2 A.U., no amount of distortion of the C-OH3 could accommodate 
chelating dipyrromethene groups in square coordinated positions. By assuming 
that the methyl groups remain in the plane of the pyrrole rings, and that all the 
distortion occurs in the Me-N bonds, a rough calculation shows that the distortion 
amounts to about 40° (Mellor and Craig, 1940a). 

Although quite a nximber of metal derivatives of this di-pyrromethene have 
been described, curiously enough the platinum derivative does not appear 
among them. However the palladium compound has been prepared (Porter, 
1938 j Mellor and Lockwood, 1940), and there is little doubt that platinum can 
also form a compound. 

Incidence of the Square Conpigueation among other Metallic 

Complexes. 

The metals for which square coordination is theoretically possible are those 
whose electronic structures permit the use of dsp^ orbitals in bond formation, 
that is to say, those which have a vacant d orbital within the valence shell. The 
elements which fulfil this condition are confined to the three transition series 
of the periodic table. Table 4, drawn up primarily (Pauling and Huggins, 1934) 
to show the magnetic moments predicted for the transition elements in different 
stereochemical configurations, will be used as a basis for discussion. 


'PABLE 4. 

Predicted Magnetic Mortimts nf Complexes Containing Transitim Wements. 



'J'h(‘ iron 
Group. 

1’hc Palladium 

Group. 

J’ht* Platinum 
Group. 

A’o of 
€'!(*( ‘tron-b 
in d slicll 
(3d, 4d 
or fxl). 

For ionic 
or sp* 
(tt'tra- 
h(*dral) 
bonds. 

For 4 ! I'oi* 0 

dsp® ' d*.sp® 

(square) (octahedral) 
bonds boiuN. 

1 

KiCiinsciiiTiiv 

Ubi.SrliynUJrlVNbVMo'l 

CWBan-HfJVTaVWVi 

0 

0 00 

0 00 

0 00 

2 

Viv 

NblVMoV 

WV 

1 

J 73 

1 73 

1 73 

3 

vnicii-iv 

MoIVKuVI 

WIVOhVI 

2 

2*83 

2 83 

j 2-83 

4 

VncriiiJIuiv 

MoIII 


3 ’ 3 88 

3 88 

3 88 

5 

C'riiMnintviv 

MoIIRuIV I 

OhIV I 

4 

4 !. 

4 9 

2 83 

~ i 

; MnliFoiiUkdv 

Ruin 

OHiiiIriv 

5 

5 91 

3 88 

4 73 

Ij 

Fen(‘olll 

RunilhUiPdiv ; 

Tiinptiv 

6 

4 90 

2 83 

0 00 

-iJ 

ColiNilll 

llliii I 

7 

3 88 

1 73 , 

9 

1 Nil! 

BhiPdiiAgin 

PtllAuin 

8 

2 83 

0 00 : 

10 

Cull 

Agn 


9 

I 73 


1 

11 

[ rulZllGi'lv 

AgiCdiilnin 

AuiHgnTiiiiPhiVRV 

10 

0 00 


1 






— 





Tills table is taken (modified) from the paper by L. Pauling and M. 1^. Huggins, Zeit. filr Krist., S7, 1034, 214. 

It should be explained that the magnetic dipole moment of an atom arises from the existence in it of unpaired 
eleetnin spins : the magnitude of the moment, in Bohr magnetons, the units employed in the table, is given by the 
expression [jl v'u(n4 2), wliere n is the number of unpaired spins. For diamagnetic substances u — 0. 

Several interesting features of Table 4 call for comment. In the first place 
it will be seen that the magnetic distinction between ionic, tetrahedral, and 
square coordination can be made only with elements in horizontal rows 6, 7, 
8 and 9. Secondly, although square coordination is theoretically possible with 
any element of the three transition series it has actually been found with very 
few (shown in heavy type), and these are confined to the relatively small portion 
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of the table marked off with a heavy line. It is significant that the square 
structure is most common among elements with 0 or 1 unpaired electrons (Pt*i, 
Pd“, Au™, Ni^i, Coll, Cu”, Ag“), very rare or doubtful among those with 2 or 
(Fe“, Mn^i), and as far as is known non-existent among those with the maximmn 
number possible, four. The numbers of unpaired electrons just quoted refer 
of course to the different atoms in the square coordinated condition. The same 
tendency to assume conliguralions with small numbers of unpaired electrons 
is to be seen among the diamagnetic, complexes of Com, Pt"^® Pd^'', and Ir''’, 
which are invariably octahedral. These observations may be summarised in a 
general rule which states that, when a metal atom of tlu* transition series forms 
a covalent complex, it tends to assume that configuration (tetrahedral, square*, 
octahedral, etc.) which involves the least possible number of unpaired electrons. 

The usefulness of a theory is determined largely by the extent to which its 
predictions cheek satisfactorily with experiment . In this respect th<*. quantum 
theory of the directed valence bond has fared well. For (“xarnple, it predicted 
(Pauling, 1931)” that the diamagnetic complexes of Ni^ and Aum would have 
the square structure ; in both instances crystal analyses and other investigations 
have amply borne this out. 

Where definite evidence for s(piare coordination has been found for any 
element it. may be assumed that it will be found in this condition generally, 
unless (1) tin*, element is oclahe<lrally eoordinat<id, (2) steric clh'cts cau8(i bond 
angle distortion, (3) mark(*d electronegativity differences ju’oduec* predominantly 
ionic (tetrahedral) binding. It is true that some elements, notably f’e^^ and 
Mn^i, are so very sensitive* to this last factor that they are seldom square 
coordinated. On the other hand the above* provisos rare*ly have to be* invoked 
for Pt”, Pdi', Cull anei Aiffn. 

Squaee (’omj'lex Formation witji Metals other than Platinum. 

Palladium. 

This eleme*nt resembles platinum ve*ry eeiose'ly except in euu* re*specl . Ne'ithe*r 
the geometrical ne>r the optical isonu'rs e>f Pel'f retain the*ir ceenfigurations with 
the same tenacity as those of PfiL Geennetrical isonu'rism is confined, so far 
as the obse*rvations go, te) neutral comple*xe‘s. In summarising the evidence* 
for this anel the metals to follow, the nature* of the*. inve*Kfigation will first be* 
indicated anel then the compound in whie*h the* squares structure* has bee*,n founel. 

Crystal Strndure. — K 2 PdOl 4 (Dickinsem, 1922 ; The*ilacke*r, 1937), Pelt) 
(Luneie, 1927), LPd(]Sril 3 ) 4 ]Cl 2 (Dickinsem, 1931), K 2 (Pd(GOS) 4 ] (Cox, Wardlaw 
and Webster, 1935d), (Me* 2 S)PdCl« (Oox, Saenger and Warellaw, 1934), PelH 
(Gaskell, 1937), PdClg (Wells, 1938), (Me* 3 As) 2 Pd 2 Br 2 (Maun anel Wells, 1938), 
[(NH 3 ) 2 PdC 204 ] (Mann, (Vowfool, Gattike*r and Wooster, 193.56). 

Oeometrical Isomerism . — Gis anel trans forms of benzylmethylglyoxime 
palladium (Dwye*r and Mellor, 1935), cis and trans bis-glye*ine-palladium (Pinkarel, 
Sharratt anei Wardlaw and Oox, 1934), cis anel trans die*hle)rodiammine*. palladium 
(Grunberg anel Schulman, 1933), eds anel trans [(NII.,),Pel(N02)2l (Mann et al., 
19356). 

If the results of the incomplete X-ray study (Cox and Webster, 1935a) of Pt(CH 3 ) 3 Cl are 
correct, this compound should have a magnetic moment of 4-9 Bohr magnetons, which, in view 
of the data so far available for platinum compounds, is very unlikely. Platinum is most likely 
octahedrally coordinated in this compound as in Pt(CH 3)4 (Pauling, 1940). 

At the time this prediction wa-s made the observation that bis mothylgloxime nickel exists 
in two forms (TschugaefT, 1910) which might reasonably bo cis -trans planar isomerides appears 
to have been overlooked. In any case, magnetic susceptibilities of nickel glyoxime complexes 
were not investigated until 1932 (Sugden), when further instances of isomerism were brought 
to light. 
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Optical Isomerism. — ^Isobutylenediaminestilbenediamine palladouB salts 
(Lidstone and Mills, 1939). 

Dipole Moments. — ^PdClj(AsB 3)2 (Mann and Pnrdie, 1935a), PdCls(Et 3 Sb )2 
(Jensen, 1936a). 

Crystal Optics. — KaPdCl4 (Mellor and QuodUng, 1936), BaPd(CN)44H20, 
etc. (Brasseur and de Bassenfosse, 1937). 

Magnetic Susceptibilities. — K 2 PdCl 4 , etc. (Janes, 1936). 

Nickel. 

This is the first element so far considered for which there is evidence of 
both the square and tetrahedral configuration, although it must be admitted 
that the evidence for the latter is as yet rather meagre. Except in one instance, 
geometrical isomerism is confined to internal complexes and is not specially 
common even here. From some preliminary work on the factors which determine 
whether nickel shall be square or tetrahedrally coordinated it would seem that 
electronegative differences between nickel and the atoms linked to it play a 
major role (Mellor and Craig, 1940). There is also evidence that extensive 
deflection of bond directions, which, in the absence of steric influences would be 
expected to assume the square orientation, results in a marked change bond 
character (Mellor and Lockwood, 1940). 

Paramagnetic and diamagnetic nickel compounds lend themselves to studies 
on correlations between bond character and absorption spectra and one or two 
interesting results in this connection have already been reported (Mills and 
Mellor, 1942). A notable characteristic of diamagnetic nickel compounds is 
their marked resistance to assuming sixfold coordination. Paramagnetic nickel 
complexes with a coordination number four, on the other hand, quite readily 
take up two additional groups to assume the octahedral configuration (Dwyer 
and Mellor, 1941). 

It is very interesting to note a similar kind of behaviour in ionic Feu com- 
plexes with coordination number four (ferrohemoglobin, etc.), where the change 
to a diamagnetic octahedral covalent Fe^ complex can be readily brought about. 
The metals which easily form square bonds could not well play the same role 
as Fell in the blood pigments. 

Crystal Structure. — K 2 [Ni(COS) 4 ] (Cox, Wardlaw and Webster, 1935d ; 
Elliott, 1938), Ba[Ni(CN)4]4H20 (Brasseur and de Bassenfosse, 1938), 
Na2[I7i(CN)4]3H20 (Brasseur and de Bassenfosse, 1941), bis N-N'-dipropyl- 
dithioearbamate-nickel (Peyronel, 1941). 

Geometrical Isomerism. — Bis-methylglyoxime nickel (TschugaelT, 1910), 
bis benzylmethylglyoxime (Sugden, 1932), bis thiosemicarbazide nickelous 
sulphate (Jensen, 19366). 

Dipole Moments. — [B’iBr 2 (Et 3 P) 2 ] (p.==0) and related compounds (Jensen, 
1936a), nickel glyoximes (Cavell and Sugden, 1936). 

Crystal Opties. — K 2 [Ki(CN) 4 ] (Mellor and Quodling, 1936), Ba[Ni(CN) 4 , 
etc. (Brasseur and de Bassenfosse, 1937). 

Magnetic Susceptibilities. — Nickel ethyldithiocarbonate, etc. (Cambi and 
Szego, 1931), a wide range of nickel complexes (Mellor and Craig, 1940), bis- 
phenylethylenediamine nickel chloride, etc. (Lifschitz, Bos and Dijkema, 1939). 

All the compoimds mentioned in the above summary are diamagnetic. 

Evidence relating to tetrahedral paramagnetic nickel compounds has been 
discussed in this Journal (Mellor, 1941). 

Gold (Auni). 

In the trivalent condition gold undoubtedly forms square bonds, but it is 
extremely doubtful whether it does so in the monovalent condition. Further 
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work substantiating the claims of Dothie, Llewellyn, Wardlaw, and Welch 
(1939) is needed before it can be accepted that Au^ can be grouped with Au“'. 

It is noteworthy that no geometrically isomeric auric compounds have been 
observed in spite of the definite searches made for them. 

Crystal Structure. — ^K[AuBr4]2H20 (Cox and Webster, 1936c), [(AlK)jAuBr 2]2 
etc. (Burawoy, Gibson, Hampson and Powell, 1937), [Pr 2 AuON ]4 (Powell and 
PhiUips, 1938), CS 2 AU 2 CI, (ElUott and Pauling, 1938), [N(C 2 H 6 ) 4 ]AuCl 4 (Huggins, 
unpublished data). 

Crystal Optics. — lN(C 2 H 6 ) 4 ]AuCl 4 , K[AuBr4]2H20 (Mellor et cd., 1936). 

Silver (Agn). 

The only instance so far described is argentic pioolinate. An incomplete 
X-ray analysis of this substance made by Cox, Wardlaw, and Webster (19366) 
shows the presence of square complexes. 

Copper (Cull). 

An outstanding characteristic of copper is that it is much less sensitive to 
electronegative differences (from a stereochemical viewpoint) than its close 
neighbours like Ni“, Co«. Several hydrated salts of copper are known, from 
crystal analyses, to form square complexes, e.g. CUCI 22 H 2 O, K 2 CUCI 42 H 2 O and 
CUSO 45 H 2 O. No diamagnetic hydrated nickel chloride or sulphate has been 
reported. 

It is very doubtful whether any tetrahc^dral cupric complexes have yet been 
found. Arguing by analogy Mills and Gotts (1926) concluded that cupribenzoyl- 
pyruvic acid had a t<'.trahe(lral structure. It is practically certain that the 
analogy does not hold. 

Large numbers of internal copper complexes containing unsymmetrical 
chelate groups have been described throughout the literature, and it is extra- 
ordinary that so few geometrical isomers have been discovered. One can only 
conclude that cis isomers must b(^ so unstable as to be incapable of existing for 
any length of time. 

Crystal Structure. — tluCljl^HaO (Marker, 1936), K 2 CUCI 42 H 2 O (Chrobak, 
1934), copper (Uketones (Cox and Webster, 19356), CUSO 45 H 2 O (Beevers and 
Lipson, 1934), CuO (Tunnel, Posnjak and Ksanda, 1935), CuPyjOla (Cox, Sharatt, 
Wardlaw and Webster, 1936a). 

Geometrical Isomerism. — [Cu2Cl3(Ph2Me)3A8)3 ) (Mellor, Burrows and Morris, 
1938a), cupric polymethylene bis-imino-acid complexes (Schlesinger, 1925), 
cupric picolinate (Cox, Wardlaw and Webster, 19366). 

Cobalt (Coll). 

The only evidence to date comes from magnetic susceptibility measure- 
ments which show that certain internal complexes have a moment corresponding 
to the existence of one unpaired electron, the number to be expected for a square 
structure. Magnetic data show that a and ^ CoPy 2 Cl 2 are not square forms. 

Magnetic Susceptibilities. — Bis-benzildioxime cobalt (Cambi and Malatesta, 
1939), many other internal complexes (Mellor and Craig, 19406), CoPy 2 Cl 2 
(Barkworth and Sugden, 1937 ; Mellor and Coryell, 19386). 

Rhodium (Rhu). 

All attempts to prepare square rhodous complexes with one unpaired 
electron spin have so far resulted in failure.** 


*• Unpublished experiments with F. P. Dwyer. 
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Iron (Fell) and Manganese (Mnn). 

Many compounds have been examined^* in the hope of finding evidence 
for the square configuration, but without success. Such compounds appear 
to be very rare and the only ones reported to date are ferrous and manganous 
phthalocyanine (Senff and Klemm, 1939). Several years ago, Cox, Shorter, 
Wardlaw, and Way (1937), on the basis of a determination of unit cell dimensions, 
reported that manganous dipyridine chloride [MnPyaClj] had the trans square 
structure. This was subsequently shown to conflict with the magnetic data, 
which indicated that manganese in this compound was definitely in the ionic 
condition (Mellor and Coryell, 1938&). An alternative octahedral structure was 
suggested as a way of explaining the small cell dimensions. The structure 
attributed to the [Mn{H20)4]++ ion in K2Mn(804)24H20 (Anspach, 1939) is 
almost certainly incorrect. 

Iridium (in). 

As already pointed out, the higher valence states of iridium, platinum, etc., 
are invariably octahedraUy coordinated. It is only in its lowest valency state, 
in a compound like IrCl for example, that iridium is likely to have the square 
structure. So far no results have been reported for compounds of this metal. 

Before concluding this brief survey, some reference must be made to a 
number of claims regarding the square configuration for metals not listed in 
Table 4 as capable of forming dsp^ bonds. The evidence for square TB and Au^ 
rests mainly on a small unit of dimension for certain of their compounds (Cox, 
Shorter and Wardlaw, 1938 ; Dothie et al., 1939) and cannot be regarded as 
satisfactory. With regard to earlier claims relating to the structure of Cd” 
(Brasseur and de Eassenfosse, 1936), Pb^i and Sn^ (Cox, Shorter and Wardlaw, 
19376), all that need be stated here is that subsequent investigation has shown 
that octahedral coordination prevails (Brasseur and de Eassenfosse, 1939 ; 
MacGillavray, De Wilde and Bijvoot, 1938) in these compounds. 

Summary. 

Traditional chemical methods of unravelling questions of molecular structure 
fail to provide a unique solution to the problem of the structure of bivalent 
platinum compounds. The various alternative interpretations of the phenomena 
of geometrical and mirror image isomerism can bo narrowed down by spectro- 
scopic and dipole moment measurements but the final solution is provided by 
the results of crystal structure analysis. The great mass of data on platinum 
together with that just listed for other metals leaves no reasonable doubt 
that certain elements can form square bonds. With the reservation that it 
applies only to bonds free to arrange, the theory of the directed valence bond 
makes it clear just what metal atoms are likely to form square bonds and at the 
same time it provides certain criteria for deciding whether any given atom has 
adopted that configuration. While the purely stereochemical problem of the 
existence of square complexes can be considered as settled, much remains to be 
done on problems relating to their general chemical behaviour. 
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INTEODUOTION. 

The slow autoxidation of oxyhsemoglobin to methsemoglobin has been 
known since Hoppe-Seyler discovered the latter compound in 1864. NeiU 
(1925) and Neill and Hastings (1925) drew attention to the r61e that the partial 
pressure of oxygen played in the reaction. They observed that the autoxidation 
of oxyhsemoglobin reached a maximum rate at 20 mm. oxygen pressure. At 
this pressure they assumed the haemoglobin to be half saturated. The reaction 
was formulated as an oxidation of reduced haemoglobin by oxygen. 

Brooks (1932, 1935) examined the effect on the reaction of variables such 
as pH, oxygen pressure, ionic strength, specific salt effects, as well as the method 
of preparation of the sample of haemoglobin used. Other variables remaining 
constant, he showed that the reaction was of the first order with respect to the 
unchanged haemoglobin. When the partial pressure of oxygen was varied the 
reaction velocity reached a maximum at 19*7 mm. To explain this effect of 
the partial pressure of oxygen on the rate of reaction he assumed that there 
were two competing reactions between oxygen and reduced haemoglobin, i.e. 
the addition of oxygen to form oxyhaemoglobin (oxygenation — no change of 
valence), and the oxidation of the ferrous iron in haemoglobin to the ferric iron 
in methaemoglobin. At high oxygen pressures the reduced haemoglobin was 
removed as oxyhaemoglobin, and hence the second reaction proceeded at a 
slower rate. On this hypothesis he derived an empirical equation which described 
fairly well the dependence of the rate of reaction on the oxygen pressure. He 
concluded that the partially oxygenated intermediates expected on Adair's 
hypothesis played no role in the reaction. 

In this paper it is proposed to show that a re-examination of Brooks' 
experimental results, in the light of the structural interpretation of haemoglobin 
proposed by Pauling (1935), can lead to a new hypothesis for the dependence 
of the rate of methaemoglobin formation on the partial pressure of oxygen, in 
which partly oxygenated intermediates play a r61e. Eeasons for preferring 
this mechanism to that suggested by Brooks are given below. 

The Steuctuee of Haemoglobin. 

Following on the demonstration that a molecule of haemoglobin of molecular 
weight 68,000 contained four prosthetic ^oups, each able to combine with 
oxygen, Adair (1925) put forward his intermediate compound hypothesis. 
In this he suggested that unoxygenated haemoglobin could combine successively 
with four oxygen molecules, leading to partly oxygenated intermediates HbiOj, 
Hb 404 and Hb 404 , as well as fully oxygenated Hb 40 g. He found that the 
eqi^brium between haemoglobin and oxygen could be described by an equation 
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with four equilibrium constants corresponding to the four oxygenated 
intermediates. 

On the basis of further assumptions as to the nature of the haemoglobin 
molecule, Pauling subsequently derived an equation for the equilibrium between 
oxygen and haemoglobin which contained only two constants. He assumed 
that interaction occurred between airdjacent groups in such a way that 

the free energy of addition of oxygen to haem, BTlnE, is diminished by BTlncn 
where such interaction occurs. If the haems are arranged on the surface of the 
haemoglobin molecule with the iron atoms at the comers of a square (square 
configuration) and interaction between adjacent haem groups could occur, 
equation I could be derived for the equilibrium ; if the haems are arranged at 
the comers of a tetrahedron, each haem equidistant from the other three, 
equation II holds, 

~1 +iEp -RloTf 2)JS:2i)2T4a*Z^s 

Ep+3oLE ^^+ 3a}E»p^+oL«E*p* 

^ 

where y equals the oxygen saturation of haemoglobin, p the oxygen pressure in 
mm. mercury, E the equilibrium constant, and a the interaction constant 
{E and a as defined above). 

Pauling (1935) and Coryell et al. (1939), as well as Altschul and Hogness 
(1940) prefer the square configuration. Optical studies by Pemtz (1939), 
evidence from diffusion and viscometric studies (Nenrath 1938), and from the 
asymmetry constant from sedimentation data (Svedberg 1938), all point to an 
ellipsoidal molecule. Pederson and Anderson (cited by Svedberg 1938) report 
that on dilution haemoglobm dissociates reversibly into two equal parts, while 
Steinhardt (1938) has observed such a dissociation in solutions of amides. 
Altschul and Hogness suggest that an explanation of the salt effect on the oxygen 
equilibrium may be due to such dissociation. If all the h®ms are assumed 
equivalent to one another, it is difficult to see how an ellipsoidal molecule can 
have the four haems arranged tetrahedrally and yet dissociate into two parts of 
equal molecular size. Nor could the haems be arranged in one plane, as demon- 
strated by Pemtz, and still be equivalent. Hence a square configuration is 
more probable. 

At a given oxygen pressure p, the relative concentrations of the various 
intermediates for the square configuration Hb 4 , Hb 402 , Hb 404 , Hb 40 e, Hb^Og 
are as 1 ; 4£p : (i(x.-\-2)E*p^ : ix^E^p^ : x*E*p*. Having solved the equation 
for E and a from various experimental values for y and p, it is possible to calculate 
the concentrations of the intermediates at various pressures. This solution is 
simplified by a method used by Altschul and Hogness. Since in equations 
I and II E and p occur to the same power while a does not, a plot of y against 
log Ep, where various values of a are taken, will give a family of curves, the 
slopes of which vary with a. A plot of y against log p for the experimental 
figures gives a curve which can be fitted to the nearest member of the family. , 
This gives the nearest value for a, while the difference between log p (experi- 
mental) and log Ep (calculated) gives the value for E. Brooks’ experimental 
results for the equilibrium are expressed in this way in Figure 1 ; the best 
agreement with equation I is found when a =3 and Z^=0'0174. Where a 
similar procedure is carried out with equation U (tetrahedral configuration), the 
experimental results can be expressed by this equation when a =2 and E —0 * 0186. 

The values for a and E which fit the experimental results having been 
determined, it is possible to calculate the fraction of hsemoglobin which is present 
in each of the intermediates at a given oxygen pressure. This has been done 
in Table I for the square configuration at the oxygen pressures at which Brooks 
measured the rate of methsemoglobin formation. 
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Figaro 1. 

Ordinate the oxygen saturation of ha'moglobin, abscissa log Kp, 

Solid linos represent theoretical plots for equation I when a = 2, 2*5 and 3. Points 
superimposed on curve a — 3 are the nssults of Brooks, plotting y against log p. 


Tablk T. 


pOg in mm. 

4-5 

6-0 

13-7 

16-0 

25-8 

33-3 

63-1 

1 

92-9 

Hb, 

0-705 

0-618 

0-286 

0-221 

0-082 

0-041 

0-005 

0-001 

Hb 40 j .. 

1 0-221 

0-258 

0-273 

0-250 j 

; 0-148 j 

, 0-096 

0-024 , 

0 -009 ! 

Hb 404 

0-060 

0-094 

0-227 1 

0-243 ; 

[ 0-232 ! 

0-195 

0-090 I 

0-049 1 

Hb,0, .. 

0-012 

0-024 

0-139 

0-174 1 

! 0-268 ! 

0-290 

0-254 j 

0-20.1 1 

CO 

q 

o 

o 

o 

0-006 

0-075 1 

0-109 

0-270 ; 

0-378 1 

1 

0-627 

0-738 ! 


122 


152 


0-000 

0-000 

0-004 

0-002 

0-031 

0-021 

0-167 

0-141 

0-797 

0-836 



- 


It can be seen that the fraction of intermediate Hb^Oa increases to a 
maximum at about 13-7 mm. oxygen pressure, while intermediate Hb 404 
increases to a maximum at about 20 mm. oxygen pressure, approximately the 
pressure at which the rate of formation of methajmoglobin reaches its mgYimniin 
A similar calculation for the fraction of haemoglobin present in each of the 
intermediates when the tetrahedral configuration is assumed leads to the same 
result, that Hb 404 is the intermediate the concentration of which is maximal 
at the same pressure at which the rate of methaemoglobin formation is greatest. 


The Reaction Mechanism. 

Brooks had formulated the reaction as one between reduced haemoglobin 
and oxygen, competing with the oxygenation of haemoglobin to oxyhaemoglobin. 
It is hard to imagine how the iron atom in haemoglobin cam react in two different 

E— April 1, 1942. 
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ways towards oxygen, since in each case the point of attack must be on the 
sixth co-ordination valency of the iron. This makes it likely that the first 
addition compound of oxygen and hsemoglobin is the same for both reactions. 
Furthermore the first order rate constant does not favour the bi-molecular 
reaction which Brooks assumes unless the rate determining step depends on the 
breakdown of a particular intermediate. 

Brooks had taken the intermediates into account only as reactants with 
oxygen. While at a constant pressure, ifc, the rate constant, is defined by the 
equation 

f=k(a-x), 

when the pressure is varied he defined the rate constant k by the equation 

k=Ki (intermediate) . p. 

The concentration of the intermediate (intermediate) can be written as 
f(p), and Ex is a constant. 

From this equation follows 

k 

(intermediate) — - Ill 

As p increased k/p diminished. Hence for to remain constant the 
concentration of the intermediate must diminish as p increases. Calculating 
the concentrations of the intermediates from Adair’s equation Brooks found 
that the only intermediate which fulfilled this condition was Hb4. But the 
substitution of the values for the fraction of Hb4, calculated in this way, did not 
lead to a constant value for Ex. Henc^, Brooks concluded, the intermediates 
cannot bo shown to play a r61e. 

A simpler assumption for the mechanism of the methsemoglobin formation 
is that the rate depends on the concentration of a particular intermediate, which 
breaks down spontaneously into methsemoglobin. This would explain the 
order of the reaction without the difficulties inherent in Brooks’ hypothesis, the 
dependence of the rate constant on the pressure being due to the variation of the 
concentration of the intermediate with pressure. 

If this is the case 

/c= (intermediate ) . E^ IV 

where E^ is a constant, and the concentration of the intermediate (intermediate) 
may be written as f(p). 

It should be noted that Brooks’ formulation of the role of the intermediates 
as fc=(Hb4) . Ex .p can be written as &=(Hb402) . E'x, since (Hb402)— JC(Hb4)(p) 
where E is the equilibrium constant and E'x—ExlE. The procedure which 
Brooks carried out to show that Hb4 was not a reactant according to his 
hypothesis also excluded the possibility that Hb402 is an intermediate on the 
hypothesis put forward as equation IV. 

Table II shows the values of E^ calculated from equation IV from the., 
experimental values of k found by Brooks, and the values for the concentration 
of Hb404 from Table I. This is the only intermediate which gives any sort of 
constancy for the values of E2, as might be expected since the other inter- 
mediates have their maximum concentrations at pressures other than the 
maximum pressure for the rate of methsemoglobin formation. 

The above calculation has been derived from the square configuration of 
the hsems. If the tetrahedral configuration is used as the theoretical basis, the 
same intermediate, Hb404, is implicated as the one whose concentration most 
closely parallels tbe change of the rate constant with pressure. Ho distinction 
can be made between the cis and trans forms of nb404, since their concentrations 
are proportional to one another at any pressure. 
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Table II. 


pOg in mm. 

ifcxlO* 

(Hb404) 

KaXlO® 

h 

(Hb,©*) 

Ka X 102 

k" 

4*6 

9*9 

0-060 

165 

0 065 

152 

2-21 

60 

12*6 

0-094 

134 

0-099 

127 : 

2-24 

13-7 

15-9 

0-227 

70 

0-232 1 

69 

J -79 

16-0 

17-6 

0-243 

72 

0-249 

71 1 

1-94 

25-8 

17-7 

0-232 

76 ! 

0-239 1 

74 

I -94 

33*3 

14*6 

0-195 

74 i 

0-200 

74 i 

1-77 

63- 1 

10-3 

0-090 

114 1 

0-089 

114 1 

2-01 


k rate constant for methiemoglobin formation (Brooks). 

(Hb 404 ) fraction of haemoglobin as Hb 404 (a) from Table T, (b) taken from Brooks’ table of 
intermediate concentrations. 

iCg constant according to equation IV, (a) using (Hb 404 ) from Table T, (^>) using (Hb 404 ) 
from Brooks’ table. 

k" constant from Brooks empirical equation. 


As comparison, in Table II is given the constant k" derived from Brooks’ 
experimental equation for the rate of methaemoglobin formation 


dx 


—k " . m . {a—x) 


bp 


dt " ’ "" ‘ "'f ' 1 _|_5p 

where k" is a constant (1-95), m equals the fraction of haemoglobin as Hb4, 
(a—x) per cent, haemoglobin unoxidised at time t, and 6 is a constant (0-0118). 


Discussion. 

The conclusion that Hb 404 is the intermediate which breaks down spon- 
taneously into methaemoglobin suggests that the reaction may perhaps be 
formulated as follows, assuming that water is co-ordinated to a haem group when 
oxygen is not. 

[Hb4(0a)2(H20)j]-f-H+->[Hb+4(0H)3]+02+H20 

[Hb+4(OH)3]+OH'->[Hb4(OH)4] 

The light thrown on the mechanism of the reaction by Pauling’s theory is, 
conversely, an additional indication of the validity of the assumption of inter- 
action between the haems. The spontaneous formation of methaemoglobin can 
be added to the reactions of haemoglobin which show haem interaction. Coryell 
(1939) has shown that in the redox system haemoglobin-methaemoglobin inter- 
action occurs. 

In the reaction between ascorbic acid and oxyhaemoglobin Lemberg et al. 
(1941) have shown that at low oxygen pressures the breakdown of oxyhaemo- 
globin proceeds faster than at atmospheric pressure. Here a coupled oxidation 
takes place where the porphyrin ring is oxidised to form choleglobin. It has not 
yet been possible to carry out for the latter reaction the necessary experiments 
which would show which intermediate, if any, is most important here. 

In the latter paper it is also shown that HjOj forms more choleglobin when 
it reacts with reduced haemoglobin than when it reacts with oxyhaemoglobin. 
This result may throw light on the mechanism of the coupled oxidation. A 
haemoglobin HaOj compound, formed in the coupled oxidation in which HjOj 
is attached to only two of the available haems, may undergo oxidation of the 
porphyrin nucleus more readily than one in which there are also Oj molecules 
attached to a molecule of haemoglobin. 
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It seems likely, then, that the formation of both methssmoglobin and 
choleglobin can be added to the list of hssmoglobin systems (Coryell 1939) which 
can be best interpreted in terms of hsem-hsem interactions. 

SUUMABT. 

The hypothesis put forward by Brooks to explain the dependence of the 
rate of methaemoglobin formation on oxygen pressure is rejected. A recalcula- 
tion of his experimental results in the light of Pauling’s theory of the equilibrium 
of oxyhsemoglobin suggests that Hb 404 breaks down spontaneously to methsemo- 
globm. This reaction is of the first order at constant pressure. When the 
pressure is varied the rate depends on the concentration of Hb 404 . 
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ERRATUM. 


Page 63, in Table I, column 3, for “ 24/11/27 ” read “ 24/11/37. 
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In connection with another investigation, a quantity of eucalyptus oil was 
distilled from a species of eucalypts which has now been identified as E. con- 
globata var. anceps. 

A quantity of growing tips from this species was collected by H. J. 
Wiadrowski at MacGillivray, Kangaroo Island, in November, 1937, and distilled 
in the experimental still at American Eiver. This species is common to the 
better class of soils and is associated with E. cneorifolia. The leaf was collected 
from country which had been burnt about four years earlier. A search through 
the literature has failed to reveal a prior publication of the constituents of 
this oil. 

Two distillations were made, using 100 lb. leaves and growing tips for each 
run. Ten gallons water was used in the still for each distillation, 6 gallons of 
aqueous distillate collected during a 5 hours distilling period. (See Table I.) 

Table I. 

Distillation of Leaves. 



Distilled 

23/11/37. 

Distilled 

24/11/27. 

Yield of crude oil 

0-69% 

0-74% 

Density 15-5/15-5® .. 

0-908 

0-907 

[«f]§ 

+ 13-37 

+ 14-11 

Ester value 

4-9 

2-8 

Total alcohols calculated as CjoHigO . . . . . . j 

6-1% 

6-7% 

Total aldehydes and ketones as CioHj^O . . I 

i-s% 

1-5% 

Cineol (by ortho-cresol method) . . . . . . . . | 

58-0% 

57-2% 

Terpenes, etc., by difference (principally d-a-pinene) . . | 

34-4% 

34-6% 


The two distillations 3 delded oils of closely uniform composition. The oils 
were free from appreciable quantities of phellandrene (negative result with 
nitrosite test). 

The crude oils were mixed for further work. 300 ml. of oil was shaken 
with resorcin solution 50% to remove cineol. In all 2,500 ml. resorcin solution 
was used (1,400 ml., 700 ml. and four successive portions of 100 ml.). Crude 
cineol recovered by steam distillation of the resorcin solution 178 ml. The oil 
remaining after this treatment was steam distilled, 35 ml. distillate, had 
the following constants. Density 15-5/15-5, 0-864, [apo+42-9, contained 
dneol 10-2%. 
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Examination for Presence of Cymene. 

25 ml. was oxidised at room temperature with potassium permanganate 
solution (20 g. in 500 ml. water) to which solid potassium permanganate was 
added until oxidation was complete. In all 193 g. KMnOi was used. On steam 
distillation only 0-2 ml. oil was obtained, indicating the absence of appreciable 
amounts of cymene. 


Examination for Terpenes. 

7 '7 ml. (of 35 ml. separated above) was distilled rapidly at atmospheric 
pressure. Distillation commenced at 130° C. and the temperature rose quickly 
to 168° C. and then slowly to 163° C. 

Table II. 


Distillation of Terpene Fraction. 







Density 

Fraction. 

Temperature. 

1 

Time. 

[ 

Yield. 

IS-S/IS-S* 

, 

1 

158-163" C. ' 

1 

3 min. ! 

5-8 ml. 1 

-f-44-3 

0864 

2 

163-168" C. , 

2 „ 1 

1-3 ml. 

— ■ 

— 


The fractions smelt strongly of pinene and the presence of d-a-pinene was 
suspected from the physical constants. Since the yield of nitrosochloride 
diminishes with increased optical rotation, the preparation of the nitrosochloride 
was not attempted, and oxidation with potassium permanganate at ice temper- 
ature was carried out (Gildemeister and Hoffmann, Vol. I, 2nd edition, p. 299). 
Three g. of fraction 1 was oxidised with 7 g. KMn 04 , dissolved in 90 nil. water, 
the mixture being kept cold in a bath of ice and water. After oxidation was 
complete, the mixture was filtered, washed with ether and the aqueous filtrate 
evaporated and acidified with sulphuric acid, the precipitated acid extracted 
with petroleum ether and the solvent evaporated. A thick viscous mass 
resulted, which did not crystallise on standing; [a]2o (c=5*842 in 
alcohol) = 4- 13-1. This would appear to be impure pinonic acid. Semi- 
carbazone was prepared from the crude material and recrystallised from alcohol. 
Melting point, 203-201° 0. (melting point of semicarbazone of d-pinonic. acid. 
204° C.) thus confirmed the presence of d-a-pinene in the oil. The terpene 
fraction (see constants of steam distillation above) appears to consist principally 
of d-a-pinene. 


SUMMAEY. 

The oil from the growing tips of this species consists principally of cineol 
(58%) and pinene, with a small proportion of alcohols, aldehydes and ketones. 

We are indebted to the Commonwealth Government for a grant from the 
Federal Besearch Grant and also to Miss C. M. Eardley, M.Sc., of the Botanical 
Department of the Adelaide University, for the identification of the species. 

Johnson Chemical Laboratories, 

The University of Adelaide, 
and 

New England University College, 

Armidale, N.S.W. 
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I. Introduction and Previous Eecords. 

The ultrabasic lamprophyres crop out in at least twelve sills to the east of 
Wellington, in the parishes of Wuuluinan, Naninia and Bodangora. Although 
individual sills are generally narrow and of no great length (see Fig. 1), the 
group extends for about twelve miles in a north-south direction. 

These rocks were first recorded by Matheson (1930) as lamprophyre, from 
the Wuuluman Eoad crossing on Poggy Creek. He believed that the outcrop 
was of limited extent and that the rock represented a “ basic difterentiation 
product of the granite magma ”. Later Jones (1935) reported that the same 
outcrop was a small amphibolite intrusion, probably of late Silurian age. 

To the south of the Wuuluman Eoad the lamprophyres have suffered 
intense dynamic metamorphism along a fault zone. This alteration is accom- 
panied by migration of material. Although some directional structures are 
visible even north of the Mudgee Eoad, the northern part of the area suffered 
relatively little shearing. Furthermore the lamprophyres in part of the area 
were contact-altered by the Wuuluman granite (see Fig. 1). On Poggy Creek 
there is a small intrusion of hornblende porphyrite most likely connected with 
the granite, but it has not affected the surrounding lamprophyre. 

II. Nature of the Intrusion and Field Occurrence. 

The lamprophyres have been injected as a series of parallel sills. In the 
south, along Poggy Creek, they occur between the Sedimentary and Volcanic 
Stages of the Silurian Series, and have been folded into a northward plunging 
anticline, with the lavas and breccias exposed along the southern part of the 
crest. Along the eastern and western boundaries of the intrusion, between the 
edge of the granite and the Wuuluman Eoad, the overlying shales contain a 
narrow bed of banded calcareous tuff. South of the road this continues along 
the whole of the eastern boundary of the lamprophyre, but on the western side 
grades into fairly coarse non-calcareous tuff (Fig. 1). North of the Wuuluman 
Eoad, on the western edge of the granite, the sills are injected into the Sedi- 
mentary Stage above the calcareous tuff. 

The sills range from a few feet to almost three-quarters of a mile in width 
on Poggy Creek, where folding has occurred. Occasionally, narrow veins and 
stringers less than an inch wide penetrate the shales. Many sills occur in the 
sediments west of the granite, but are visible only in creeks and gullies. Two 

* Fart 1 appeared This Joubnai., 1939, 73, 161. 

tThe greater jiart of this work was carried out at the University of Sydney during the 
tenure of a Commonwealth Research Scholarship. 
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well defined sills, approximately 18 feet wide, run parallel to the granite boundary 
for about one and a half miles (Locality (I) on Fig. 1). In For. 14, Par. Bodangora 
there are three narrow sills and a small dyke (Locality (2) on Fig. 1), and in For. 
179, Par. Bodangora there are two sills, one about ten feet wide, the other smaller 
(Locality (3) on Fig. 1). In all these cases the outcrops are shown as single 
sills on the map. 



Fig. 1. 


III. Pbteogeapht. 

(I) The Original Lamprophyre. 

Although the nature of the original rock is generally masked as a result of 
dynamic or contact metamorphism, some idea of the original mineralogical 
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constitutiioii can be gained. There are three main types which have been 
classified according to their phenocrysts, namely : 

(1) Augite lamprophyre (Fig. 2a). 

(2) Augite-Plagioclase-Lamprophyre (Fig. 2b). 

(3) Hornblende lamprophyre. 

The nomenclature is discussed on page 72. 

The first occurs throughout the area, the second in For. 31, Par. Bodangora, 
and the hornblende lamprophyre in Mitchell’s Creek a little above the Mudgee 
Boad crossing. For the sake of brevity they will be described together. 



A B 


Fig. 2. The original lamprophyre. 

A. Augite lamprophyre. The large zoned augite phenocryst shows a corroded central portion. 
The inclusion is a pseudomorph after olivine. Towards the top of the diagram a pyroxene 
phenocryst has been almost entirely replaced by chlorite and epidoto. The groundmass 
consists of augite, fibrous hornblende, plagioclaso, a little chlorite, and epidote. X 16. 

B. Augite-Plagioclase Lamprophyre. The large plagioclaso phenocrysts consist of acid plagio- 
clase and granules of epidote. The pyroxene phenocrysts have been replaced by fibrous 
amphibole, with some biotite. Epidote forms fairly largo crystals and grains. The ground - 
mass consists of hornblende, biotite, some plagioclaso and epidote. X 16. 

The pyroxene phenocrysts vary greatly in size and abundance in the 
different sills, but in individual sills are fairly constant ; in some of the augite- 
lamprophyres they occur in two generations. The larger ones range in size 
from 2 mm. to 3 mm. in some sills, and up to 20 mm. in others ; those of the 
second generation are less than 2 mm. Glomeroporphyritic development is 
rare. Zoning is well shown in the larger phenocrysts (Fig. 2a), although variable 
even within the one rock section. The central zones are lighter in colour and 
only noticeable under crossed nicols, while the outer zone varies greatly in width 
and may have a larger extinction angle. Corrosion of the central zone is marked 

F— April 1, 1942. 
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(Fig. 2a), often reducing crystals to irregular grains with pseudo-inclusions of 
groundmass. The outer zone has generally preserved the shape of the grains, 
but occasionally produces crystal faces. At times this zone has been moulded 
on to the plagiocl^e of the groundmass, giving a sub-ophitic fabric, and in finer 
grained rocks the two may be intergrown. The colour ranges from colovirless 
to pale greenish grey, yellow-green or light yellow-brown. The yellow-green 
variety is pleochroic, X=pale yellow, Y=deeper yellow, Z=pale green 
(X<Y=Z). Both simple and multiple twinning are common. Schiller 
inclusions are rare. The pyroxene is optically positive, Z Ac may be as much 
as 46°. In the yeUow-brown varieties a =1*674, y =1*703 ; in the colourless 
and slightly green varieties a =1*674, y =1*699. The augite is therefore a 
diopsidic variety. The pyroxene phenocrysts of the second generation and the 
granules in the groundmass are generally similar in colour to the outer zone of 
the larger phenocrysts. These phenocrysts are not usually so well formed, but 
occasionally are glomeroporphyritic. 

The hornblende phenocrysts of the hornblende lamproph 3 rre are much 
altered by contact metamorphism. They form narrow partially corroded 
prisms up to 2 mm. in length, with a slight glomeroporphyritic development. 
They are light green and pleochroic, X =yellow green, Y =green, Z =blue-green, 
Zac 32°, optically negative, with positive elongation. Simple and multiple 
twinning are fairly common. In the augite lamprophyres from Poggy Creek 
there are small crystals (0*26 mm.) of a brownish-green amphibole (Fig. 2 a). 
Occasionally they have a deep blue-green outer zone. Pleochroism is strong, 
from yellow-brown to deep blue-green, almost black. They are largely replaced 
by a more fibrous, pale green variety, with a strong eross parting. This alteration 
is probably a result of metamorphism. 

In the Poggy Creek lamprophyres pseudomorphs in carbonates and chlorice, 
with magnetite along original craehs probably represent original olivine crystals. 
In other places they have been replaced by iddingsite and carbonates. (See 
Fig. 2a.) 

Although only one sill is known with large plagioolase phenocrysts, it is 
probable that they were present in the lamprophyre to the east of Poggy Creek. 
(See p. 60.) The plagioolase phenocrysts reach 9 mm. in length and comprise 
about 60 per cent, of the phenocrysts in one sill (Fig. 2b). They now have 
a composition of AbsoAn^g and contain granules of epidote, cUnozoisite, and 
flakes of mica. 

The groundmass is of rather variable texture. Generally it is fine grained 
and rather pilotaxitic ; at times, chiefly in the augite lamprophyres, it is coarser, 
and the plagioclase is tabular (grainsize 0*5 mm.-l mm.). For the most part 
the plagioclase shows much separation of the anorthite molecule in the form of 
epidote and clinozoisite. Occasionally only certain zones show alteration. 
Epidote is sometimes segregated into veins. 

The degree of alteration due to deuteric processes is difficult to estimate 
because of later dynamic changes. However, in some of the least metamorphosed 
types, Pennine may be interstitial and may replace partially or wholly some of 
the pyroxenes (Fig. 2a). It is associated at times with tooth-Uke grains of 
pleochroic epidote. The chlorite may be granular or platy and strongly pleo- 
chroic, _L001=yehow, II 001=green. Carbonates are rarely associated with 
the chlorite and epidote. A local concentration of magnetite in the groundmass, 
giving the rock a purple colour, appears to be of deuteric origin. 

(II) Types Produced by Dynamic Metamorphism. 

Throughout the area the lamprophyres show more or less pronounced 
north-south directional structures. However, to the north of the Wuuluman 
Boad a definite schistosity is developed only in a small creek bed in Por. 63, 
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Par. Bodan^ora. To the south marked dynamic alteration has taken place 
along two main faults, the Poggy and the Wuuluman (Fig. 1). The Nobby 
Fault, an east-west fault developed to the west, may have affected the area 
between the granite and the Wuuluman Boad. Many minor faults also occur 
along Poggy Creek. 

Bast of Poggy Creek directional structures are apparent in the field. Here 
the rocks resemble mineralogically the low grade green schists described by 
Tilley from Start Point (1923, 1938) and the retrograde types described by 
Wiseman (1936) from the Highlands. To the west, however, intense dynamic 
metamorphism has produced strongly sheared rocks. Their chemical and 
mineralogical composition has been modified, first by the removal of material 
and later by a local reintroduction of material. 

(i) Schists Developed in a Sill North of the Wuuluman Road. 

Plagioclase-Biotite-Hornblende- Schist. This schist, which occurs in Por. 63, 
Par. Bodangora, consists mainly of hornblende with some biotite, plagioclase, 
quartz, and occasionally sphene and calcitt^ Tt has been produced by the local 
crushing of a small sill. 

The schistose structure is produced by the. replacement of the pyroxene 
at first by groups of fibrous amphibole crystals obliquely arranged to the general 



A B 


Fig. 3. Schists produced in a sill north of the Wuuluman Rd, 

A. Shows to left of centre a pyroxene phenocryst replaced by amphibole fibres arranged obliquely 
to the schistosity. In the one above hornblende is shown developing nearly parallel to the 
schistosity. The groimdmass consists of plagioclase, hornblende, and to the left of the 
figure, biotite. Xl6. 

B. Shows a more advanced stage. The phenocrysts have been converted into elongated, flattened 
lenses and continuous fracturing of the amphibole gives rise to a micro -augen structure 
within the lenses. Felspar forms more or less continuous narrow bands, x 1 6. 
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sehiBtosity of the rook (Fig. 3a). At a more advanced stage, these are broken 
into smaUer fragments and along the minute shear planes fibrous homlfiende 
arises almost parallei to the schistosity (E^. 3a) producing a micro-angen 
structure (Fig. 2 b). By a continuation of this process the phenocrysts are 
elongated laterally, until the first-formed fibrous masses of hornblende are 
replaced by needle- and rod-shaped crystals, roughly parallel to the schistosity 
of the groundmass (Fig. 3b). 

The groundmass shows progressive changes, but the adjustment is more 
rapid. Amphibole needles, often with flakes of biotite, are developed early and 
show a roughly parallel arrangement. The recrystallised plagioclase forms 
irregular lenses often associated with biotite and hornblende (Fig. 3a). With 
further crushing, the felspar, frequently accompanied by carbonates, forms narrow 
bands separating masses of hornblende and biotite (Fig. 3b). The two latter 
minerals also tend to segregate into bands. 

The amphibole is very pleochroic, X=pale yellow green, Y =deeper yellow 
green, Z=blue green (X<Y<Z), optically positive, with positive elongation, 
Zac =20®, a =1*640, y= 1'659. Hence the composition approaches pargasite. 
Biotite is in places more abundant than amphibole. It is yellow and strongly 
pleochroic, X =pale yellow, Y =bright yellow brown, Z =dark brown (X < Y <Z). 
Granular sphene is usually present in the groimdmass and may attain 1 mm. 
in length. 

The felspar grains are clear and have irregular boundaries. Extinction 
on twinning JL010=18°, optically positive, refractive index slightly greater 
than that of Canada balsam, composition about Abe^Augg. Carbonates, where 
present, represent some of the released anorthite molecule. 

(il) Schists Developed in the Foggy Creek Sill. 

(a) Types in which there has been no Removal of Material. To this group 
belong most of the altered lamprophyres cropping out to the east of Foggy 
Creek. Here material released during the mineralogical changes gives rise to 
veins and vugh-like areas, but is not removed. 

In the field these rocks have slight to well developed directional structures 
(N. to K. 30° W.), but are not so strongly sheared as those to the west of the 
creek, where faults are more numerous. Occasional patches of unsheared 
lamprophyre indicate variations in the intensity of the directional pressure 
from place to place. 

It is in these areas that the lowest grade dynamic types occur. The pyroxene 
phenocrysts are not greatly altered, but show slight fracturing and granulation, 
with the production of chlorite, sometimes accompanied by amphibole, along 
the fractures. The felspar is only slightly granulated. Finely granular epidote 
and clinozoisite are abundant and at times almost completely replace the felspar. 
Badiating and sheath-shaped aggregates of minute pale green amphibole needles 
occur along cleavage cracks. Larger amphibole fibres are produced as a fringe 
around the pyroxene phenocrysts and granules in the groundmass. Chlorite 
present in the groundmass is probably of deuteric origin. 

In a higher grade type the phenocrysts are more granulated but only slightly 
altered, though the fringe of amphibole is more pronounced. However, in the 
groundmass the plagioclase has been entirely recrystallised. Much of the 
epidote is still granular but m places it has been segregated into veins. The 
albite forms rounded patches' of clear grains or lath-shaped crystals which, are 
sometimes twinned. The greater part of the groundmass consists of felt-like 
masses of tiny tremolite needles at times showing a parallel arrangement, and 
many granules of magnetite aiid sphene. 
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With more intense shearing a definite schistosity is developed, the chief 
rock types produced being : 

(а) Homblende-biotite-epidote-plagioclase-calcite schist. 

(б) Homblende-chlorite-biotite-epidote-plagioclase-calcite schist. 

(c) Homblende-chlorite-epidote-plagioclase-calcite schist. 

(d) Homblende-chlorite-epidote schist. 

(e) Homblende-epidote-calcite schist. 

This grouping does not indicate the relative proportions of the minerals 
present, and considerable differences are shown within each type. The schists 
are not zonally arranged. Type (6) is the most widely developed and although 
mullion structure is occasionally produced in this type, types (d) and (e) are 
generally the most schistose. The fabric in most cases is blastoporphyritic, 
but rarely becomes porphyroblastic due to the development of new amphibole. 
To avoid repetition, these types will be described together. 

The original phenocrysts have always been replaced first along cleavage 
cracks and shear planes, leaving patches of unaltered pyroxene (Pig. 4a). Often 
the pseudomorphs show lateral compression. At times crushing continued even 
after the early amphibolisation of the phenocrysts and along the fractures new 
fibrous hornblende was developed parallel to the schistosity of the groundmass. 
(Pig. 4d). Sometimes plications were produced (Pig. 4d). The growth of 
fibrous hornblende into the groundmass from the ends of the phenocrysts also 
increased their length parallel to the schistosity. 

More often the augite was replaced by biotite and hornblende, frequently 
in association with epidote, clinozoisite and calcite (Pig. 4a). In these cases 
the amphibole shows a simple habit (110) as seen in cross section, and is strongly 
idioblastic against the biotite, which occurs between the elongated groups of 
amphibole fibres. It may be replaced by hornblende, biotite, chlorite, epidote, 
and calcite. Generally the chlorite and hornblende appear to arise simul- 
taneously but sometimes the chlorite is developed later from either the biotite 
or hornblende. Clinozoisite may form instead of epidote. Barely the pseudo- 
morph consists of colourless chlorite and amphibole, with some calcite, clino- 
zoisite, and epidote. The chlorite may be more abundant than the hornblende, 
but both arise simultaneously from the pyroxene. In one case the augite 
phenocrysts have been replaced by hornblende, quartz and calcite, with some 
biotite and chlorite. These pseudomorphs are practically indistinguishable 
from the surrounding groundmass. 

In a few schists masses of magnetite associated with calcite, with or without 
epidote, and bounded by straight edges (Pig. 4c), may be pseudomorphs after 
some mineral other than augite. This may have been hornblende, for amphibole 
occurs in some of the least altered lamprophyres (see p. 58). The possibility 
that it was either olivine or hypersthene must not be overlooked, but in these 
cases lime would have to be introduced. Hypersthene has not been detected 
in the original lamprophyres. 

Lime set free in the alteration of the augite may appear in epidote crystals 
or grains of calcite in the pseudomorphs. It may also accumulate as calcite in 
protected areas at the ends of the phenocrysts (Pig. 4a) or may give rise to 
epidote and calcite in the surrounding groimdmass. 

The groundmass is variable, even within the same rock type, but is usually 
schistose. Generally it consists of amphibole fibres, granular epidote, a little 
albite and occasionally quartz and calcite. At times plagioclase is abundant, 
while biotite and chlorite also occur in some schists. The occurrence of calcite 
is variable, due to its migratory character. 

Some schists, particularly those to the east of Foggy Greek, contain much 
granular magnetite, which tends to mask the other minerals and gives the rock 
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Pig. 4. Types hi which there has been little or no removal of material. 

Homblende-Biotite*Ppidote-Plagioclase>Calcite Schist. The augite phenocrysts are partially 
replaced by amphibole, biotite, epidote and calcite. Calcite and felspar have accumulated 
at the en^ of the phenocrysts. The groimdmass consists of fibrous hornblende, finely 
divided epidote, and a little magnetite. (Section cut parallel to schistosity.) x 16. 
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a purple colour. It is not confined to any particular type of schist, and is 
probably due to deuteric activity prior to metamorphism. 

In many, but by no means in all of the schists, there are rounded and 
irregularly-shaped areas composed of plagioclase, often accompanied by calcite 
(Fig. 4o) or by epidote. Usually there are only a few present and these consist 
mainly of plagioclase. Occasionally, however, they are so numerous that 
the groundmass is practically obliterated. Here the calcite may form granular 
masses with the felspar, or may occupy the central area, while at times the mass 
consists of calcite with only a few rounded grains of felspar. In the latter case 
calcite is abundant in the groundmass, where it has often replaced the felspar. 
Some of these are probably pseudomorphs after plagioclase phenocrysts, others 
are due to segregation during metamorphism (see p. 77). 

Vein- and vugh-shaped areas of calcite and large pleochroic grains of epidote 
are common in many schists. Some show a concentration of magnetite towards 
the edges and these may be of deuteric origin. Generally the epidote veins are 
roughly parallel to the schistosity. 

The pyroxene is that of the original lamprophyre which has already been 
described (see p. 67). 

The amphibole occurs as pseudomorphs after augite, as fine needle-shaped 
crystals in the groundmass, and occasionally as porphyroblasts (Fig. 4b). It 
often forms fine needles when associated with calcite (Fig. 4b), and fibres com- 
monly grow into the calcite from the replaced pyroxene crystals. It ranges 
from colourless to green and varies slightly even within the one slide. In schists 
with an abundance of magnetite, the amphibole is pale green to colourless, and 
crowded with small inclusions of iron ore. The green variety is strongly pleo- 
chroic, X =pale yellow, Y =green, Z =blue green. It is always optically negative, 
with positive elongation, but ZAc ranges from 19° in the colourless types to 
23° in the green varieties. a==l '603 to 1 -643, y=l -634 to 1-663. This indicates 
a composition range from tremolite to pargasite. 

Biotite is present in the pseudomorphs after pyroxene, also in the ground- 
mass, and occasionally extends into the latter as thin parallel plates from the 
extremities of the phenocrysts. It is brownish green in colour and strongly 
pleochroic, X=pale yellow, Y=yellow green, Z=grey green (X<Y<Z). 

Chlorite occurs in association with amphibole and biotite in the replaced 
phenocrysts and groundmass. Mostly it is pale green and pleochroic, with 
leather brown interference colours. Barely it is colourless, shows low first 
order interference colours and is optically positive, with -582. This variety 
is associated with the colourless amphibole. Both belong to the pennine group. 

Plagioclase is abundant in the groundmass of some schists, but in others 
it is partially or completely replaced by amphibole. It may be slightly clouded 
(composition AbagAn^a), or may be recrystallised as clear grains and lath-shaped 
crystals (composition AbagAng). Twinning is not uncommon. 

B. Homblende-Chlorite-Biotite-Epidote>FlagioclasO'Calcite Schist. Hornblende occurs as 
needles and fibrous masses in areas rich in calcite (top right of diagram) and towards the 
left is one of the larger porphyroblasts. Calcite, plagioclase and some quartz are 
irregularly distributed. (Section cut across schistosity.) x 16. 

C. Homblende-Chlorite-Epidote-Plagioclase-Calcite Schist. The augite phenocrysts have been 
replaced by chlorite and amphibole, with some calcite and epidote. Other phenocrysts 

. are replaced by magnetite and calcite. There are irregularly<shaped patches of calcite and 
plagioclase in the groundmass. The groundmass consists of amphibole and much finely 
divided magnetite. (Section cut across the schistosity.) x 16. 

D. Homblende-Epidote-Calcite Schist. This diagram shows fracturing of the amphibolised 
phenocrysts and a further development of amphibole more nearly parallel to the schistosity. 
Cidcite collects in areas of least stress. The groundmass is composed of amphibole and 
granular epidote. (Section cut across the schistosity.) x 16. 
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The epidote is generally strongly coloured, sometimes with a more f<NTi- 
ferous core. It shows well developed twinning, and generally negative 
elongation. 

Caldte is variable in amount and tends to accumulate in areas of least 
pressure. Staining tests indicate that neither dolomite nor siderite is present, 
but some of the calcite has been iron-stained. It often contains minute needles 
of amphibole or flakes of chlorite which have developed in sUu. Grains of 
quartz are present in the groundmass of a few schists and along the edge of the 
replaced pyroxenes. 

{b) Types in which there has been Transfer of Material. To the west of 
Poggy Creek, in the zone of faulting and shearing, dynamic changes have been 
accompanied by the removal, m solution, of material released during the resultant 
mineralogical reactions. At a late stage these solutions were reintroduced in 
certain areas to give rise to further mineralogical changes with the production 
of new structures. 

The rocks may be divided into two groups : (i) those with no later addition 
of material, (ii) those with a reintroduction of material. 

(i) Those with no Later Addition of Material. The rocks which have suffered 
least removal of material are the widely distributed tremolite-pennine-schists. 
In all cases the ferro-magnesian phenocrysts have been laterally compressed 
and completely replaced by amphibole and chlorite (Fig. 5a). The amphibole 
is colourless to slightly bluish green, faintly pleochroic, optically negative with 
positive elongation, Zac =19°, a ==1*621, y=1'644. Thus it is a member of 
the tremolite-actinolite series. The chlorite forms groups of interlocking green 
flakes and is a pennine variety which is strongly pleochroic, _L001 =yellow green, 
II 001 =blue green, ^ =1*591. 

Lime released in the replacement of the pyroxene may be removed or may 
give rise to highly pleochroic grains of epidote. The groundmass is almost 
entirely composed of minute rod- and needle-shaped crystals of tremolite with a 
few flakes of chlorite, small crystals of magnetite and many minute grains of 
sphene. 

In a more altered type with stronger schistosity there has been a greater 
removal of material, principally of lime, and the phenocrysts are replaced by 
interlocking fibres of pennine. The length of these pseudomorphs may be up to 
six times the breadth. The groundmass consists of tremolite and chlorite, with 
tiny granules of epidote. 

Another type shows a greater development of pennine but less tremolite, 
while a member of the serpentine group becomes important ; thus pennine 
ferroantigorite-tremolite schists are developed (see Analysis II, Table II). These 
crop out along Poggy Creek. The large phenocrysts have been completely 
altered, but there are still remnants of the smaller ones, which were probably 
protected from shearing (Pig. 5b). The latter have a light coloured outer zone 
and show sporadic alteration to chlorite. The large pseudomorphs have been 
flattened and elongated parallel to the schistosity, but only rarely do the crystals 
appear to have been shattered in the process. The pseudomorphs have green 
chlorite in the central areas, surrounded by colourless chlorite. This is due to 
zoning in the original augite. The groundmass now consists of colourless chlorite, 
with a small amount of amphibole, tiny crystals of magnetite, and much finely 
divided epidote. It is traversed by wide, irregular areas of colourless chlorite, 
sometimes associated with a green variety (Fig. 5b). These two chlorites form 
80 to 90 per cent, of the rock. The green variety, present chiefly in the pheno- 
crysts, is markedly pleochroic, X and Y =blue green, Z =yellow green (X =Y <Z). 
It shows abnormal interference colours and ^=1*595. This indicates an 
aluminous variety belonging to the pennine group. The colourless type is 
optically negative and has positive elongation, a. =1 * 610, y =1 * 619. Hence it is 
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Fig. 5. Types which show a I’omoval of material. 

A. TremoliU’Pennine Schist, The original phenocrysts have been 
replaced by tremolite and pennino. To the left of the diagram, 
interpenetration twinning of the original crystal is preserved. 
Corrosion is shown to the right. The groundmass consists of rod- 
shaped crystals of tremolite, flakes of chlorite and much granular 
epidote. (Section parallel to schistosity.) X 16. 

B. Pennine^Ferroantigorite^Tremolite Schist. Small augite phenocrysts 
are only partially altered to chlorite. The larger ones have been 
completely replaced. The groundmass consists of ferro-antigorite, 
much finely divided epidote, magnetite and tremolite. In the 
lower left-hand comer is an area consisting of fibrous ferroantigorite 
and flakes of pennine. (Section across schistosity.) X 16. 

C. Tremolite-Antigorite-TcUc Schist. The small phenocrysts are 
replaced by antigorite. The larger ones now consist of cuitigorite 
with talc, tremolite and magnetite in an irregular outer zone. The 
groundmass is composed of tremolite and antigorite, with crystals of 
magnetite. (Section across schistosity.) x 16. 


66 


SLIZABBTH M. BASNBTT. 



Fig. 6. Changes brought about by the reintroduction of material. 

A. ArUigonU-Pmnine Schist. The phenocrysts are replaced by pennine with antigorite in the 
outer zone. Iron ore is abundant. Remnants of the smaller phenocrysts still persist. The 
groundmass consists of antigorite, finely divided iron ore, a little tremolito, and epidote. X 16. 
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a ferroantigorite member according to Winchell (1927). The amphibole is 
developed as fine, needle-shaped crystals arranged in sheath-like groups in the 
groimdmass. It is almost colourless and is optically negative, with positive 
elongation ; Z Ac =17°. It appears to belong to the tremolite-actinolite series. 

The tremoUte-antigorite-talc schists (Fig. 6c) crop out along the fault zone 
and have been much sheared. Here pennine is absent, tremolite and antigorite 
are very variable and talc has been extensively developed. The large replaced 
phenocrysts usually have an outer zone of irregular width consisting of abundant 
granular magnetite and fine fibrous actinolite, often with talc (Fig. 5c). Anti- 
gorite accompanies the actinolite and talc in the central zone, and sometimes 
there are fine dust-like inclusions of magnetite. The smaller phenocrysts are 
replaced by flakes of colourless to pale green antigorite which is optically negative, 
with positive elongation, (3 =1-575. The groundmass is now composed of 
small rod- and needle-shaped crystals of tremolite, often with frayed termina- 
tions, Z AC =22°, a =1 • 604, y =1 • 636. Irregular patches of antigorite ( p =1 -567) 
and magnetite also occur. 

On the banks of a small eastern tributary of Foggy Creek, in For. 48, Far. 
Nanima, this rock type forms nodules (1 mm. to 150 mm.) surrounded by sheared 
and plicated masses of chlorite. The chlorite is veined by coarse, granular 
calcite, sometimes accompanied by a little chlorite and tremolite. 

In the southern part of For. 48, Far. I^anima, on Foggy Creek, the rock 
has practically no tremolite, very little epidote and is essentially an antigorite- 
pennine schist (Fig. 6a). Fennine is only present in the central portion of the 
phenocrysts. The groundmass consists of fibrous masses of antigorite, abundant 
finely divided iron ore, very small amounts of fibrous amphibole and minute 
grains of epidote. 

(ii) Those with a Reintroduction of Material. The types produced as a 
result of a later reintroduction of material are restricted to a small area on 
Foggy Creek in the south of For. 48, Far. Nanima, where they form elongated 
lenses (over 20 feet long by up to 6 feet wide) and nodules, associated with 
antigorite-pennine schists (see above and Fig. 6a). The latter rocks have suffered 
much lateral compression and tend to cleave readily. Where there has been an 
addition of material from solutions, tremolite has developed and the rocks 
have gradually lost their schistosity and become converted into medium-grained, 
compact, tremolite rocks. In this way lenses of the compact rocks have been 
produced in the midst of extremely schistose chloritic ones. 

Tremolite is produced first in the chloritic pseudomorphs of the original 
phenocrysts as short stout prisms and fibrous aggregates up to 2 mm. in length. 
It also extends into the surrounding groundmass as large rounded xenoblastic 
porphyroblasts which cut across the schistosity. The original outline of the 
phenocryst is indicated by aggregates of small magnetite crystals (see Fig. 6b). 
Cracks along which alteration to chlorite took place are also preserved by parallel 
bands of magnetite grains. These have not been obliterated by the later 
development of tremolite (Fig. 6b). Masses of talc occur between the groups of 
tremolite crystals. Eemnants of pennine and less frequently of antigorite, still 
persist. The chlorite pseudomorphs have not all been affected at the same 
time ; some have been completely replaced, while in others tremolite may be 


B. Large rounded porphyroblasts of tremolite are replacing earlier formed chloritic pseudo- 
morphs. The outline and cracks along which the earlier alteration to chlorite took place 
are still preserved by lines of magnetite crystals. The groundmass consists of antigorite 
and a little tremolite. x 16. 

C. Masses of tremolite are developing across the schistosity of the groundmass. The chloritic 
pseudomorphs have been entirely replaced. Crystals of magnetite are abundant, x 16. 

D. Replaoement is practically complete ; the rook now consists of compact masses of tremolite. 
Magnetite forms large crystals. A little pennine still remains, x 16. 
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absent or represented only by an ooeasional crystal (Fig. 6b). The developing 
tremolite tended to replace rather than to displace the groundmass. In the 
early stages the groundmass was unaffected except for the development of a 
little tremolite and the recrystaUisation of iron ore. 

With further addition the replacement of the first-formed pseudomorphs 
was carried almost to completion. At this stage masses of tremoUte developed 
across the schistosity in the groundmass (Fig. 6c) and larger magnetite crystals 
formed. Talc still occurred in the groundmass while some antigorite and pennine 
still persisted. 

As this process continued the rocks lost their schistose structure and became 
converted into compact masses of tremolite with large crystals of magnetite and 
only small quantities of pennine (Fig. 6d). Talc disappears. 

In the earlier stages veins of tremolite pass out as long root-like masses 
into the groundmass, replacing it, and surroimding small rounded aggregates 
of Pennine. 


(iii) Types Produced by Contact Metamorphism. 

Some time after or towards the close of the period of dynamic metamorphism, 
the lamprophyres were intruded and metamorphosed by the Wuuluman granite. 
These contact-altered types may be divided into a felspathic and a non-felspathic 
group. Directional structures are still visible but in most cases a superimposed 
granoblastic fabric is partially developed. Occasionally all schistosity is 
obliterated. 

(a) Non-felspathic Types. These rocks are largely composed of hornblende 
and may be called amphibolites. There are several distinct types : 

(i) Amphibolite (Fig. 7a). 

(ii) Pleonaste Amphibolite (Fig. 7b). 

(iii) Epidote Amphibolite. 

(iv) Epidote-Biotite Amphibolite. 

(v) Diopside Amphibolite (Fig. 7o). 

The amphibolite crops out in the east of Por. 63 and the north of Por. 69, 
Par. Nanima. The pleonaste amphibolite is developed in three sills in Por. 14 
Par. Bodangora, and a narrow vein about one foot wide in Por. 69, Par. 
Bodangora. The epidote amphibolite occurs in Pors. 3 and 83, Par. Bodangora, 
both outcrops belonging to the same sill, although the intervening area is covered 
by alluvium. The epidote-biotite amphibolite comes from Pors. 110, 111, Par. 
Kanima, and the diopside amphibolite from a sill actually on the granite contact 
in the south-western comer of Por. 179, Par. Bodangora. 

The porphyritic fabric is usually preserved. The original pyroxene pheno- 
crysts are replaced to varying degrees by amphibole, as in the dynamically 
metamorphosed types. Where amphibolisation is complete the outline, twinning 
and zoning of the replaced mineral are sometimes preserved. Iron ore set free 
during this process may accumulate around remnants of pyroxene, or form 
graniiles of magnetite in the hornblende (Fig. 7a). There is often a fringe-like 
growth of amphibole around the pyroxene phenocrysts, which may be paler than 
the amphibole replacing the pyroxene (Fig. 7a). 

In the epidote amphibolite cUnozoisite is in places more abundant than 
epidote. These minerals form rounded and elongated granular masses 
(3 mm. X 6 mm. max.) associated with a colourless mica, some colourless chlorite 
and a little felspar. They probably represent replaced plagioclase phenocrysts. 
In the epidote-biotite amphibolite from Pors. 110 and 111, Par. BodAngora, the 
biotite is green and epidote forms crystals up to 1 mm. long. Dark green 
pleonaste is produced in the groundmass of the pleonaste amphibolite either as 
xenoblastic grains against the actinolite, or as groups of grains in patches of 
chlorite (see Fig. 7b). Generally magnetite is abundant. 
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The amphibole replacing the pyroxene forms long thin fibres. In the 
groundmass it varies from felt-like masses of minute fibres, often with frayed 
terminations, to interlocking crystals 1 mm. in length. It ranges from colourless 
to pale blue green, but in the epidote amphibolites it is more yellow. Changes 



Fig. 7. Non-Felspathic amphibolites produced by 
contact metamorphism. 

A. Amplxibolite. Note the dovolopraent of amphibole along cracks 
and cleavages in the pyroxene, and the growth of fibrous masses 
from the ends of the crystals. The groundmass consists of fibrous 
amphibole and chlorite. X 16. 

B. Pleonaste- Amphibolite. The pyroxene phenocrysts are entirely 
replaced by tremolite and partially obliterated. Pleonaste granules 
occur in the irregularly shaped masses of chlorite. Xl6. 

C. Diopside- Amphibolite. The phenocrysts have been entirely 
replaced by amphibole. The groundmass consists of fibrous amphi- 
bole, grains of diopside, and a little chlorite, x 16. 
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in colour are seen even in one rock section. Outgrowths of hornblende from the 
pseudomorphs may be green at the ends, but practically colourless adjacent to 
the pyroxene. Pleochroism is often marked, X=colourless to pale yellow, 
Y=deeper yellow green, Z— blue green (Z>Y>X). The colourless and blue- 
green varieties are optically negative, with positive elongation, Zac =14® 
to 24°, a =1-622, y= 1'648. They therefore belong to the tremolite-actinolite 
series, the larger extinction angle being indicative of high magnesia (Larsen and 
Berman, 1934). In the yellow green variety present in the epidote amphibolite 
Zac may be as large as 30°, and a =1-628, y= 1’959. The negative si^ and 
large extinction angle suggest that it is probably closer to pargasite. Occasionally 
crystals up to 2 mm. long have a brown pleochroic core in which there is much 
magnetite. This possibly indicates an original hornblende. 

Chlorite is often developed. In the pleonaste amphibolite it may form 
large round patches (0-5 mm. to 2 mm. in diameter) (Fig. 7 b). It is colourless 
to faintly gr<‘en, is optically positive and p =1-685. In other cases it is green 
and shows ultra blue and leather brown interference colours. Both belong to 
the Pennine group. 

Grains of diopside up to 0-25 mm. in diameter are developed as a result of 
contact metamorphism (see Fig. 7c). They are colourless, optically positive, 
Z AC =39° and 2 V is large. It comprises as much as 50 per cent, of the ground- 
mass but is rare in the replaced phenocrysts except along fractures. 

Magnetite is fairly abundant, especially in the spinel amphibolite. Sphene 
may be present, also fractured crystals of apatite showing a purplish-grey central 
zone. 

(b) Felupathic Types. These are much less common in the contact zone 
than are thc! non-felspathic amphibolites. They crop out chiefly along the 
southern boundary of the granite, but in For. 14, Par. Bodaugora almost on the 
contact, there is a narrow sill about one foot wide. 

As in the j)reviou8 types blastoporphyritic fabric and relict structures are 
common (Fig. 8b), while the Bodangora specimen is blastopliitic (see Fig. 8a). 
There is only a local development of a true granoblastic fabric. 

Amphibolisalion of the phenocrysts is similar to that already described for 
the non-felspathic varieties. Hornblende may also develop as grains and stout 
crystals up lo 0 - 25 mm. in length round the edge of the phenocrysts (Fig. 8a), 
while some are completely replaced in this way. 

The type from Bodangora originally had a fairly coarse-grained groundmass 
with plagioclasc crystals up to 2 mm. long. The felspar is often clouded, or 
contains minute needles of hornblende (see P’ig. 8a). Occasionally a grano- 
blastic fabric has been produced. In the southern area the groundmass is 
entirely recrystallised, but stiU shows directional structures (Fig. 8b). 

Along the southern boundary of the granite there are a few vugh-like 
areas produced either by deuteric alteration or by dynamic metamorphism. 
These now' consist of an outer ring of magnetite grains or blue green hornblende 
followed by plagioclase and quartz with pleochroic epidote in the centre (Fig. 8b). 
Biotite may also be developed. 

The amphibole is yellow green, strongly pleochroic, X=yellow green, 
Y =dark yellow green, Z=dark bluish green (Z>Y>X), Zac =27°, optically 
positive with positive elongation, a =1-641, It therefore has a 

composition near pargasite and is a more aluminous variety than that found 
in the majority of the non-felspathic amphibolites. 

The recrystallised plagioclase is only occasionally twinned, is optically 
negative, with extinction JL010=21°; hence it is andesine (AbjiAUsj). Plagio- 
clase which has not been recrystallised is slightly more basic and generally shows 
undulosc extinction. 
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Fig, 8. Folspathic amphibolites produced by ciontaet motamorphism. 

A. Augite phonocrysts have been almost entirely replaced by amphi- 
bole. Small crystals of hornblende are developing around and 
through the replaced phenoerysts. In the top right quadrant the 
phenocryst shows blastophytic relations to the surrounding felspar. 
Original felspar laths are still visible, but contain many small rods 
and needles of hornblende. To the left of the figure a granoblastic 
fabric is locally developed. x 16, 

B. This rock shows remnants of a schistose structui’e producer! during 
dynamic metamorpliism, but a granoblastic fabric is begimiing to 
develop. The phenoerysts are replaced by amphibole. In the top 
right-hand corner is a vugh which is now replaced by plagioclase and 
epidote with an outer zone of amphibole. X 16. 

C. Hybridised aplite vein. Note irregular and indefinite boundaries 
to the vein. Diopside is developing around the edges and through a 
mass of hornblende which has been practically surrounded by aplite. 

Xl6. 
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Magnetite oeeurs as smaJl crystals, which may reach 1 mm. in length. 
Graniilar sphene is sometimes developed. Epidote and clinozoisite granules 
are formed in the groundmass. 

At Foggy Grossing the felspathic type is banded with a rock containing very 
little felspar. It has been strongly sheared and consists chiefly of a more blue 
green amphibole associated with brown biotite. Epidote and some biotite 
occur in patches throughout the rock and also in the replaced phenocrysts. It 
seems that these bands have suffered considerably from the earlier dynamic 
metamorphism but were not greatly altered by the later contact metamorphism. 

In the contact altered hornblende lamprophyre the amphibole has been 
partially replaced by brown pleochroic biotite, epidote, and carbonates. Where 
a blue green amphibole is produced in association with the biotite the replaced 
phenocrysts were probably augite. Small felspar phenocrysts are still visible, 
but show undulose extinction, clouding or contain needles of amphibole, flakes 
of biotite and grains of epidote. The groundmass consists of plagioclase, 
needles and rod-shaped crystals of amphibole, flakes of biotite, and granular 
epidote. Veins of epidote and carbonates are common. 

(iv) Hybridised ApUte Veins. 

In the region between the Wuuluman Boad and the southern boundary of 
the granite, the contact-altered lamprophyres have been intruded by large 
numbers of aplite dykes which do not appear to have been hybridised. However, 
these have given rise to small veins, often less than 2 mm. across, which penetrate 
the lamprophyre and show marked signs of hybridisation. 

The constituent minerals of the aplite are quartz, microcline, plagioclase 
(AbggAnis), and small quantities of biotite and magnetite ; sphene and apatite 
are rare. Quartz and microcline are extremely abundant. At times they are 
intergrown, the latter forming plates up to 4 mm. across. 

The constituent minerals of the veins are microcline, plagioclase, diopside» 
hornblende, and small quantities of quartz ; apatite and sphene are fairly 
abundant ; biotite is not developed. The fabric is allotriomorphic granular 
to slightly monzonitic. SoUd material, chiefly hornblende with some felspar, 
is incorporated in the veins and together with diopside, produced in situ, may 
occur between lath-shaped crystals of felspar developed from the hybrid magma 
(Pig. 8c). In other veins the felspar, diopside, and hornblende form granular 
masses. Where potash felspar is more abundant than plagioclase, the veins 
are narrow and ferromagnesian minerals are rare. In some parts of the veins 
sericite is developed in great quantities, often entirely replacing the felspar. 

Diopside forms allotriomorphic to subidiomorphic grains, and tends to 
be more abundant towards the edges of the veins (Fig. 8c). It also develops 
in the hornblende of the surrounding lamprophyre. In these cases the boundaries 
of the veins are very indefinite (Fig. 8c). Where they traverse amphibolised 
phenocrysts, diopside is formed along the broken edges, and may extend right 
across the fracture. Occasionally the phenocrysts are almost entirely replaced. 
The diopside is pale green with a slight bluish tinge, non-pleochroic, optically 
positive, and Zac =43°. 

These veins occur in an area which has been impregnated by copper-bearing 
solutions. Some of the ferromagnesian minerals both of the lamprophyres and 
the veins have been attacked and partially replaced by copper carbonates. 

IV. Nomenclatuee. 

As all these rocks have been metamorphosed to some extent, the naming 
of the original rocks is difficult. They were first called lamprophyres by Matheson 
(1930), and in hand specimen this name is very suitable. In this paper the name 
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is still used, but it is prefixed by the names of the dominant phenocrysts (see 
p. 67 ). The augite-plagioclase lamprophyres could possibly be called porphyrites, 
and in one locality an augite lamprophyre which has an ophitic fabric might be 
termed a porphyritic dolerite, except that the felspar is rather tabular. 

Chemical analyses have been made of three contact altered augite lampro- 
phyres (Table I, columns I, II, III). They all contain high lime and magnesia, 
with low alumina and alkalies, indicating an ultrabasic composition. The 
norm shows a considerable percentage of olivine, and pseudomorphs after olivine 
are present in some rocks. These analyses do not compare closely with those of 
any lamprophyres, most of which have higher alkalies and lower magnesia and 
Ume. They agree best with an olivine gabbro from the Ural Mts. (Table I, 
column IV), and a dolerite from Bhonegebirge (Table I, column V). They 
compare mineralogically with the original descriptions of augitites as defined 
by Doelter, but these are volcanic types with a glassy groundmass. No augitite 
listed by Iddings agrees closely with those of the Wellington rocks. So the most 
suitable name for these rocks still seems to be lamprophyre. 


Table 1. 



1. 

II. 

III. 

IV. 

V. 

SiOa 

45*49 

47*52 

49*24 

47*68 

49*92 

A1,0, 

10*49 

12-50 

13-85 

11*43 

13*39 

EojO, 

6*44 

1*08 

4-88 

0*16 

8*07 

FeO 

4*36 

6*26 

6*55 

8*90 

4*82 

MgO 

18*48 

16*50 

8*34 

14*81 

6*13 

CaO 

10*72 

13*07 

10*94 

12*48 

10*68 

NajO 

0*89 

0*46 

2*55 

1*01 

2*83 

K,0 

1*25 

0*92 

J*32 

0*52 

1*11 



1*55 

0*85 

0*72 

2 * 22 

0*94 

H,0- 

0*11 

— 

0*16 

— 

— 

TiO, 

0*36 

0*67 

0*62 

0*59 

1*80 

P,0, 

0*24 

tr. 

0*31 

0*00 

1*06 

MnO 

0*15 

0*14 

0*17 

0*07 


Total 

100*53 

99*97 

99-65 

99*87 

100*75 

Sp. Gr. 

3*10 

3*13 

3*09 




I. Spinel Amphibolite. For. 14, Par. Bodangora. Anal. E. M. Basnett. 

II. Epidote Amphibolite. For. 83, Par. Bodangora. Anal. M. J. Colditz. 

III. Felspar-bearing Amphibolite. Wuuluman Road Crossing on Foggy Creek. Anal. E. M. 
Basnett. 

IV. Olivine Gabbro. Ural Mts. Anal. Piaani. A Lacroix. N, Arch. Mus., 1911, 3, p. 114. 
V. Dolerite, Rhonegebirge. Anal. P. Schmidt, Neues Jahr., 1905, II, p. 213. 

V. Pbteogenesis. 

(i) Physical Conditions of the Invading Magma. 

The lamprophyres contain large numbers of pyroxene phenocrysts which 
in some sills form more than fifty per cent, of the rock. The nature of these 
phenocrysts (see p. 67) suggests that during the early stage of their formation 
the crystals grew slowly in a constantly changing environment, and towards the 

G — April 1. 1942. 
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end of crystallisation they became unstable and hence were strongly resorbed. 
The deposition of the outer zone without later resorption indicates fairly stable 
conditions in the final stage of their formation. This may be explained if the 
phenocrysts of the first generation were well crystallised before the injection of 
the magma. The change in physical and chemical conditions caused by injection 
into the upper crust must have resulted in strong resorption. After emplace- 
ment the establishment of stable conditions once more would enable further 
deposition to take place around the corroded phenocrysts. 

A large proportion of the sills have a fine grained groundmass, suggesting 
rather rapid cooling. This would not allow large zoned augite phenocrysts to 
develop in situ. jUso, there are no signs of chilled margins, and phenocrysts 
at the edges are as large as those throughout the mass, while tiny veins ^ inch 
wide contain phenocrysts up to J inch across (Fig. 9). Hence it is concluded 
that, at the time of injection, the magma was crowded with phenocrysts formed 
in the intratelluric reservoir. 



A diagram of a small vein intruding sandy shales. 

Note size and abimdance of phenocrysts, and their 
presence at the edge of the vein, the lack of chilled 
margins, and the presence of narrow stringers 
through the intruded shale. N.S. 

That such a magma could be injected over so wide an area and even in veins 
only half an inch in width must mean, either that it was extremely fluid and 
cooled rapidly after injection, or that it was injected into very soft sediments. 
The lamprophyres intrude sediments overlying the Silurian andesites, and are 
believed to be consanguineous with the lavas. This suggests that when injection 
occurred the sediments were soft or only partially consolidated, and that the 
weight of overlying strata could not have been great. The presence of water 
in the sediments may also have helped to keep the magma fluid during its 
injection. 


(ii) Dynamic Metamorphism. 

(a) Structural Changes. 

The dynamic alteration of the lamprophyres resulted from local faulting, 
probably at no great depth in the earth’s crust. The introduction of solutions 
along the fractures made possible the mineralogical changes already described. 
These two factors are together responsible for the structural changes. 

In the rare cases where the original phenocrysts show shattering there has 
been little mineralogical adjustment. Generally, however, they have yielded 
by the development of new minerals, with the result that a blastoporphyritic 
fabric exists in rocks now entirely reconstituted mineralogically. As a result 
of the replacement of the phenocrysts (see petrography) imder pressure they 
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haTe become converted into elongated flattened lenses but have not been 
obliterated (Figs. 3a and 4d). In the line grained groundmass a marked 
schistosity is always produced at an early stage. 

The formation of compact massive rocks in certain areas as a result of the 
reintroduction of solutions could take place only under conditions of reduced 
stress. It seems that here the highly cleaved rocks become so saturated with 
solutions that stress was almost eliminated. In addition, by this time, direc- 
tional pressure may have diminished throughout the area. 

(b) Mlneraloglcal Transformations. 

In the Wellington district there was no regional metamorphism prior to 
faulting ; the original igneous rocks were thus sheared, without suffering previous 
regional metamorphism. Mineralogical changes produced are of a retrogressive 
character, but since they are imposed on igneous rocks they must be called 
dynamic rather than retrogressive changes. 

The colour of the rocks ranges from green to purple, depending on the 
amount of magnetite and haematite in the groundmass. This separation of 
iron oxide seems to have taken place prior to faulting, as it is evident even in the 
least altered types. The release of iron ore as a deuteric process is fairly common 
in the Silurian andesites of the Wellington district. In the purple schists the 
amphibole developed as a result of dynamic metamorphism contains very little 
of the actinolite molecule, and the chlorite is a positive pennine which is prac- 
tically colourless. This indicates that this iron was not available for the 
mineralogical reactions resulting from the later dynamic metamorphism, which 
further suggests its separation prior to metamorphism. In the green schists, 
which contain only a small amount of magnetite, the amphibole ranges in 
composition from actinolite to pargasite, and the chlorite is a marked green. 
Hence a considerable proportion of iron has entered into their composition. 
Very pleochroic epidote is produced in the latter types, while pale epidote or 
clinozoisite often occur in the former. 

The type of replacement of the pyroxene to the east of Poggy Creek is very 
variable. As already discussed by many authors, the mineralogical changes 
must involve reaction with other minerals, chiefly plagioclase. In the epidiorites 
of the South-Western Highlands (Wiseman, 1930) and those from the Start 
area, South Devon (Tilley, 1938), the amphiboles are actinolitic varieties and the 
chlorite, aluminous pro-chlorite. The rocks from the cast of Poggy Creek, which 
have not suffered much removal of lime and alumina, contain amphibole ranging 
from tremolite to actinolite and rarely pargasite. The chlorite in these areas 
belongs to the pennine group and is therefore a less aluminous variety than that 
developed in the other localities. The original augite was a diopsidic variety and 
would contain only small quantities of alumina. Therefore, as in the South- 
West Highlands and the Start area, it must have been the basic plagioclase 
which supplied the alumina necessary for the formation of the amphiboles and 
chlorites. Where the basic felspar had previously been converted into masses 
of epidote with small quantities of albite, the alumina would be derived from the 
epidote. 

The formation of biotite, together with amphibole, from the pyroxene, 
may have been due to the presence of small quantities of potash in the original 
mineral. Biotite is also present in the groundmass of some schists. Here also 
alumina must be derived from the felspar or epidote. In a schist from the 
Highlands Wiseman (1934) suggests that potash solutions are brought in during 
retrograde metamorphism, and they may have been introduced here. 

In some of the lowest grade schists needles of amphibole are developed 
in the plagioclase of the groimdmass, while at a more advanced stage the felspar 
is completely replaced. For this amphibolisation of the plagioclaae magnesia 
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must have been introduced unless sufQcient chlorite was contained in the original 
felspar. The source of magnesia, then, could only be the pyroxene, and some 
of the magnesia which would normally give rise to chlorite must have been 
utilised in the production of more amphibole. The alumina of the plagioclose 
is either incorporated in the amphibole or removed to other parts of the rock. 
In some cases chlorite is practically absent. Occasionally, however, schists in 
which the felspar has been entirely replaced contain only small quantities of 
amphibole, but much pennine. Here the alumina is probably derived from 
the epidote molecule, since large quantities of epidote occur in veins and granular 
masses. The development of amphibole or chlorite in the altered groundmass 
probably depends on the relative amounts of magnesia, lime and alumina, and it 
is likely that even here some migration of material has taken place. However, 
at times the chlorite may have been produced from the amphibole and biotite. 

The conversion of basic plagioclase into albite and epidote is considered by 
Wiseman (1934) to be rare imder conditions of faulting. He cites many cases 
of crushed basic plagioclase occurring in rocks which otherwise show marked 
retrograde changes, but he gives a few examples where felspar has been altered. 
In the low grade types at Wellington, which have only slight directional 
structures, the felspar is now largely converted into epidote and albite. It is 
probable that this may be due to crushing in the presence of water. However, 
the possibility that the alteration was deuteric and pre-faulting cannot be 
overlooked. Plagioclase as basic as acid andesine occurs in one schist but is 
clouded (MacGregor, 1931), and is associated with clear, recrystallised grains of 
albite, so that sometimes, at least, albitisation of the basic plagioclase is the result 
of dynamic metamorphism. 

Accompanying these mineralogical changes there is a release of material 
(lime, alkalies and some alumina and silica). The silica gives rise to quartz in 
the groundmass and the soda to albite, although both may be locally removed. 
The lime may be united with varying quantities of iron and alumina to give 
epidote, or it may form calcite, the carbon dioxide being introduced. Occasionally 
the carbonates, and less often the epidote, attack and replace the surrounding 
minerals of the groundmass. Oalcite may occur, together with plagioclase, 
in amygdule-like areas in the groundmass. Some of these represent partially 
replaced plagioclase phenocrysts. Others, which have a sporadic distribution 
and are largely composed of calcite, seem to be the result of segregation during 
metamorphism. At Start, Tilley gives a similar explanation for such structures. 
Staining tests fail to reveal any dolomite in association with the calcite, so that 
magnesia has not migrated. 

In this part of the area the material which has been set free by mineralogical 
reactions still remains in the rock mass as epidote, calcite and quartz, and is 
not entirely removed. 

The rocks in the fault zone to the west of Foggy Creek have become intensely 
schistose, and at times highly cleaved, making the movement of solutions 
through them easy. Under these conditions material released during 
mineralogical transformations could be transported. The schists in this part 
of the area which have been least altered chemically are characterised by the 
presence of amphibole — a tremolite-actinolite variety — pennine, and small 
quantities of epidote. With further removal of lime less tremolite and epidote 
occur but the magnesian-iron mineral ferroantigorite is widely developed. 
Where there has been much separation of iron oxide resulting from deuteric 
activity, antigorite is produced instead of ferroantigorite, the reason being 
similar to that already discussed in the case of tremolite (see p. 76). The analyses 
of the two rocks (Table II, columns II, III) show approximately equal amounts 
of iron. At a still more advanced stage talc is formed. The relative amounts of 
lime and alumina removed are variable, for some schists contain tremolite. 
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antigoiite and talc, and others pennine and antigorite. In the former there 
has been considerable removal of alumina and in the latter, of lime. Here 
the minerals produced are essentially stress minerals, their development being 
made possible partly by the abimdance of water. 

Throughout much of the area there is little indication of the released material 
in the rocks. In one part, however, veins of calcite occur, while some schists 
contain granular epidote. Quartz and albite are absent from this part of the 
region. 

Where lime has been reintroduced, much massive tremolite is developed 
and Pennine and antigorite gradually decrease. In the earlier stages the magnesia 
released by the formation of tremolite from antigorite gives rise to talc, but on 
further addition of lime it is all used in the production of tremolite. The gradual 
disappearance of pennine indicates the removal of alumina. 

(c) Chemical Evidence for the Migration of Material. 

The contact altered felspar-bearing amphibolite, which crops out on the 
Wuuluman Boad crossing of Foggy Creek, is considered to be similar in com- 
position to the unaltered lamprophyre from which the dynamic types were 
developed. It comes from the least altered portion of the same sill, but direc- 
tional structures indicate that it suffered some shearing prior to contact 
metamorphism. An analysis of this rock is given in Table IJ , column I. Analyses 
were also made of the pennine-ferroantigorite-tremolite schist (Table II, 
column II), the antigorite-tremolite-talc schist (Table II, column III) and the 
tremolite rock (Table II, column IV). It is not possible to compare these 


Tablb II. 

Ancdyees of Rocks Collected from the Foggy Creek Sill. 



I. 

II. 

III. 

IV. 

SiOg 

49-24 

41*08 

45*61 

51-31 

A1,0, 

13-85 

11*28 

7*60 

5-13 

Fe,0, 

4-88 

2-16 

6-40 

3-47 

FeO 

6-65 

6*72 

2-87 

3*58 

MgO 

8-34 

23*26 

26-30 

22*37 

CaO 

10-94 

7*40 

4-26 

10*39 

NagO 

2-66 

0*56 

0-05 

0*03 

KgO 

1-32 

0*69 

0*89 

— 

HgO + 

0-72 

5*03 

4*01 

2*78 

H,0-~ 

0-16 

1*10 

1-79 

0*26 

TiOg 

0-62 

0*49 

0*23 

0*21 

PgOg 

0-31 

0*37 

0*10 

0*06 

MnO 

0-17 

0*16 

0*17 

0-16 

Total 

99-66 

100*27 

100*17 

99-72 

Sp. Gr. 

3-09 

2*88 

2*84 

3*02 


I. Felspar-bearing Amphibolite. Wuuluman Boad Crossing on Foggy Creek. Anal. E. M. 
Basnett. 

II. Pennine-ferroantigorite-tremolite schist. For. 48, Far. Nanima. Anal. £. M. Basnett. 

III. Antigorite-tremolite.talc schist. For. 48, Par. Nanima. Anal. E. M. Basnett. 

IV. Tremolite rook with a little pennine. For. 48, Far. Nanima. Anal. E. M. Basnett. 
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analyses calculated on a volume basis since changes in volume have most likely 
taken place during dynamic metamorphism. attempt at comparison has 
been made by the use of a triangular diagram based on molecular numbers 
(Fig. 10). AI 2 O 3 represents alumina after satisfying Na^O and KgO ; CaO 
equals total lime, while (Mg . Fe)0 represents total magnesia and the FeO 
remaining after normative ilmenite and magnetite have been formed. Analyses 
I, II, III, IV of Table II are represented on the diagram by the points 1 , 2 , 
3, 4 respectively. While it is not considered advisable to lay too much stress 
on this diagram it would seem to support the evidence given by the mineralogical 
constitution of the rocks. 



Comparing points 1 (felspar-bearing amphibolite) and 2 (pennine-ferro- 
antigorite-tremolite schist) it is obvious that much Ume and a smaller quantity 
of alumina have been removed. The point 3 (antigorite-tremolite-talc schist) 
shows the process carried still further. The apparent increase in iron and 
magnesia in these rocks is due to the removal of the above mentioned constituents 
and not to an addition of magnesia and iron. This is emphasised by the lack of 
magnesia-bearing minerals in the veins. Point 4 (the tremolite rock) compared 
with point III shows a marked increase in lime and a slight decrease in alumina. 
This is indicated mineralogically by the development of tremolite and the 
disappearance of pennine. The decrease in magnesia and iron is again only 
relative and talc is produced in the less altered types. 

From an examination of the rocks and their analyses (Nos. I, II, III, 
Table II) it is concluded that lime, alumina, alkalies and some iron, released 
in the mineralogical changes, must have been transported by the circulating 
solutions. The rare occurrence of calcite veins in these rocks and their abundance 
in the less sheared types to the east of Poggy Creek indicates that most of the 
lime migrated as the potential calcite molecule. Finely divided epidote in some 
schists, and veins of this mineral in those to the east of Poggy Creek suggest 
that some lime and all the alumina was removed as the potential epidote molecule. 
Although felspar is absent in the zone of intense shearing, it is abundant in the 
schists to the east of Poggy Creek, so that the removal of soda in this form is 
probable. 

The material which takes an active part in the later mineralogical trans- 
formations resulting in the formation of the tremolite rock (Anal. IV, Table II) 
is probably that released by earlier reactions and stored in the circulating 
solutions. However, it is chiefly lime and silica which cause these changes, 
while the alumina is apparently still being removed. 
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All these mineralogical and chemical changes must have taken place at 
low temperatures and in the presence of considerable quantities of water and 
carbon dioxide. 


(iii) Contact Metamorphism. 

The contact altered lamprophyres have been divided into a felspathic 
and a non-felspathic group. One of the former (Table I, column III) and 
two of the latter have been analysed, a spinel-amphiboUte (Table I, column I) 
and an epidote amphibolite (Table I, column II). It is evident that the non- 
felspathic types have been developed from the more basic lamprophyres. They 
contain high magnesia and lime and relatively low alumina, but this relation is 
reversed in the more acid types. This is expressed in the composition of the 
amphibole. In the non-felspathic types it belongs to the tremolite-actinolite 
series, one exception being found in the epidote amphibolite, in which it is a 
negative pargasite. In the most acid varieties the amphiboles are members 
of the pargasite group. Al umin a in the non-felspathic amphibolites is present 
in epidote, clinozoisite, pennine and occasionally small quantities of mica or 
pleonaste. The alkalies occur in the mica, but where this mineral is not pro- 
duced, they must enter into the composition of the amphibole. As before, 
plagioclase is involved in the formation of the amphibole and pennine. 

Some amphibolisation of the pyroxene probably took place prior to the 
injection of the granite as a result of either deuteric or of dynamic alteration. 
Since the pyroxene in the least altered types shows no amphibolisation, deuteric 
activity may be disregarded. The effect of dynamic alteration must have been 
considerable, as directional structures are still preserved. However, the lampro- 
phyres have been converted into amphibolites throughout the entire contact 
zone. If the granite were injected before stress had completely subsided, as 
seems likely since there are signs of strain in some of the aplite veins to the south 
of the granite, then amphibolisation commenced by dynamic pressure would be 
continued during contact metamorphism. The development of amphibole in 
the absence of stress would have obliterated earlier schistose structmes, and this 
has happened in only a few places. However, all specimens show signs of the 
development of a granoblastic fabric. 

The production of spinel in the amphibolite resulted from an original low 
content of silica and lime as compared with magnesia and iron. The occurrence 
of diopside in unstable equilibrium in the amphibolites is probably due to a 
relatively high lime content and higher temperature conditions. 

The presence of amphibole and chlorite in certain of these rocks shows that 
generally the alteration took place under low grade wet conditions. The 
amphibolisation of the pyroxene is variable, particularly along the southern 
margin of the granite, and may be due either to difference in temperature, or to 
the abundance of available water. 

(iv) Hybridisation. 

The hybridised veins can be traced to aplite veins. The aplite consists 
essentially of quartz, microcUne, oligoclase, and a little biotite. The hybridised 
veins show important mineralogical differences. Biotite disappears, quartz 
is rarely present, potash felspar varies in amount, and plagioclase is acid andesine. 
The ferromagnesian mmeral produced from the hybrid magma is diopside. 
Apatite becomes abundant. 

Directional structures in the surrounding rocks could only have been 
developed by dynamic metamorphism. Signs of strain in the aplite veins 
indicate that stress was still operating to some extent after their injection. 
Thus lime and alumina released during the dynamic changes may stiU have been 
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in solution. Hence the invading magma may have obtained these constituents 
either from this source, or from carbonates and epidote already deposited. This 
increase in lime and alumina would enable a more basic plagioclase to crystallise 
from the hybrid magma. 

The addition of lime, together with higher temi>erature conditions, must 
be responsible for the development of diopside in the amphibolised phenocrysts 
of the lamprophyre adjacent to the vein, and in the vein itself. The magnesia 
must have been derived largely by reciprocal reaction from the ferromagnesian 
minerals of the invaded lamprophyre, since the potential biotite molecule of the 
apUte would have contained insufficient for the development of considerable 
quantities of diopside. Hornblende, which is present as xenocrysts in the veins, 
is mainly changed to diopside, and thus appears to be unstable in the invading 
magma. The production of these new minerals must account for the absence 
of quartz in many of the hybrid veins. 

VI. Summary. 

It has been shown that the lamprophyres crop out in a series of parallel 
sills. After injection the igneous rocks were subjected, first to intense dynamic 
metamorphism due to loeal faulting, and later to contact metamorphism resulting 
from the injection of the Wuuluman granite. 

In the area of greatest shearing, material set free during resultant 
mineralogical changes has been almost entirely removed from the rocks. Where 
these are less schistose, it accumulates in veins and vugh-Uke masses. In 
certain localised areas a reintroduction of material stored up in the circulating 
solutions has been responsible for the formation of lenses of compact tremolite 
rocks within the chloritic schists. 

The contact altered lamprophyres may be divided into a felspathie and a 
non-felspathic group. The majority of these rocks have undergone slight 
dynamic metaraorphism prior to contact metamorphism, as directional structures 
are still visible in some places. It is probable that dynamic pressure had not 
completely subsided before the intrusion of the granite. 

Aplite dykes and stringers of granitic material intrude the lamprophyre 
along the southern margin of the granite, and mention has been made of the 
hybrid changes involved. 
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The region to be discussed in this paper lies between Glen Innes and 
Tamworth, and comprises the southern portion of the New England Tableland. 

Accounts of the physiography of this area have been given by E. C. Andrews 
(1903, 1904, 1910). 

Of particular interest are the basalt-capped hills which are the remnants 
of great floods of lava which were poured out during Tertiary times. The fact 
that the outliers are numerous and closely spaced for the most part, suggested 
to the writer a method for the determination of the configuration of the pre- 
basalt land surface. 

The accompanying map is the outcome of the investigation, and shows 
possible form lines together with spot heights and the basalt outcrops. 

Expenses in connection with the field work involved were covered by a 
grant from the Commonwealth Research Fund. 

Method of Investigation. 

Taking as datum the present level of the sea, the configuration of the surface 
below the basalt was deduced from aneroid readings of the heights of the base 
of the basalt at many points. 

Where the outliers were found to be closely spaced the points obtained 
on the surface were more numerous than elsewhere and, hence, the information 
was more complete. 

Where large basalt areas were examined it was recognised that the surface 
beneath this cover could vary considerably in height from point to point. The 
assumption of a more or less uniform dip corresponding with measurements 
taken around the margins of the basalt was likely, then, to introduce inaccuracies, 
but in the absence of information from bores it seemed to be the only possible 
course to follow. 

Between the basalt outliers Tertiary sediments cover quite large areas. 
The upper layers of the beds have been silidfied in places to give rise to the 
rock known as “ grey billy ”. This capping remains as a protection against the 
erosion of the underlying sediments in many regions from which all the basalt 
has been eroded. 

When “ grey billy ” was encountered it was assumed that it marked the 
level of the pre-basalt surface. 

In places where Tertiary rocks occurred and any possible “ grey billy ” 
capping had been eroded, approximate heights were obtained by studying the 
stratigraphy of the Tertiary beds and estimating the probable thic^ess of 
overlying eroded beds. Over much of the area examined erosion has removed 
both basalt and Tertiary sediments, but in most localities it was possible to 
hazard a reasonable guess as to the possible previous continuation of them 
between the present outcrops. 
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Inequalities of the pre-basalt surface are indicated by land rising above the 
extrapolated heights of the bases of the volcanic rocks in the neighbouring 
occurrences. A striking example of this is the case of Mount Duval, which 
rises well above the bases and, indeed, the upper surfaces of the surrounding 
basalt outliers. How much higher this point and others rose at the time of the 
volcanic eruptions could not be determined because they have been reduced by 
erosion since that time. The heights allotted to these points, then, must be 
regarded as minimum values. 

The Pre-Basalt Surfece. 

It may be seen from the form-line map that the inequalities of the pre- 
basalt surface amounted to over 1,400 feet (i.e. from 3,200 feet to 4,600 feet 
with reference to present sea level). That this difference is not to be accounted 
for by post-basalt movements as suggested by Andrews (1910, P478) is shown 
by the presence of basalt in valleys eroded out of the highlands. The best 
example of this observed lies between Baldersleigh and Guyra. The basalt 
has flowed down the valley of Laura (or Sandy) Creek. 

Silicifled gravel occurs beneath the flow 400 feet below the upper surface 
of the granite which forms the walls of the narrow valley. This occurrence 
proves only a difference of 400 foot in elevation, but the vaUey filled is juvenile 
and, hence, its floor is likely to have been a considerable height above the lowest 
land of the region during Tertiary times. 

Mount Duval must have been a prominent feature on the pre-basalt surface. 
Running north from it, but at a somewhat lower level, was a ridge of land which 
continued to the vicinity of Glen Innes and probably beyond this point. South 
of Mount Duval and around the present site of Armidale was a lake into which 
most of the streams flowed. Beyond the lake the land rose gradually towards 
Walcha. 

It would appear that the Main Divide was approximately in the same 
position that it is today. 

The Tertiary Sediments. 

The position of the Armidale lake is marked by the remnants of the sediments 
which accumulated therein, and its margins are indicated by the change from 
lake deposits to fossil immature soils. These soils reflect the nature of the 
underlying rock, and obviously have not been transported by streams. The 
lake sediments consist of conglomerates, grits and sandstones which are overlain 
by a thin band of ferruginous cherty shale containing abundant well-preserved 
plant remains. This shale is a good criterion for the identification of the deposits. 

Tertiary rocks south of those formed in the lake are exposed in the parish 
of Tiverton, and at Uralla. To the north they are well developed in the neigh- 
bourhood of Black Mountain. Here, the remains of sticks were seen in the 
“ grey billy ”. The cherty shales have not been located in this locality and, 
indeed, it is not to be expected that the lake would have extended into what 
must have been high country at the time of its existence around Armidale. 

The presence of the lake in the lowest portion of the area indicated by the 
form lines lends confirmation to the view that the inequalities of the surface were 
due to pre-basaltic erosion and not to later differential uplift. 

The Basalts. 

The lava flows seem to have been poured out on the higher ground of the 
Guyra region and to have run down the valleys towards the lower ground. 
They reached the Armidale lake and buried it to a depth of some hundreds 
of feet. The total original thickness of basalt in any area is indeterminate owing 
to the great amount of post-basalt erosion. In places it exceeded a thousand feet 
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since more than this amount, made up of a number of different flows, still remains 
at Point Lookout. No attempt to link up individual flows throughout the 
region has been made so far. There is no evidence to indicate that there were 
two different outbursts of volcanic activity separated by a long interval of 
erosion in this region. 

It is not proposed to discuss the age of the basalt since the problem is one 
of Australian interest, and many parts of the continent besides that described 
above would have to be considered. 

Bearing upon the problem is the presence of abundant fossil leaves, including 
the so-called Cinnamomum, and it is proposed to discuss this flora in a subsequent 
publication. 
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Since the observation was made some three years ago*^’ that the urine of 
some male marsupials, e.g. Triehosurua mdpecvla, Peremdea mmtta, Caloprytnnya 
oampeatria, contained spermatozoa, over a thousand urine specimens from 
forty male possums or phalangers (Trichoaurua vulpecula) and from other 
marsupials have been examined under normal and experimental conditions. 
After some remarks on the method of colle.cting and examining urine specimens, 
these findings will be described under the following headings : 

(1) Spermatorrhoea and spermatozoa! motility in normal fully grown 
phalangers and other marsupials. 

(2) The action of gonadotropic hormone on spermatogenesis. 

(3) The action of oestrogens on spermatogenesis. 

(4) The action of testosterone on spermatogenesis and spermatozoal 
motility. 

(5) The action of progesterone on spermatogenesis. 

Method of Collecting and Examining Specimens. 

In most instances the vestigial cloaca present in marsupials does not interfere 
with the collection of urine free of faeces. As pointed out before, urine can be 
obtained by pressing on the lower part of the abdomen or by placing the animal 
in a metabolism cage.’^^ For Trichoaurua vulpecula the quickest and most 
effective method is to have the animal held by an assistant and to grasp the 
bladder through the abdominal wall. Provided it contains some urine, the 
bladder is easily located and pressure on it initiates urination. The urine is 
best collected in a centrifuge tube. Sometimes it is advisable to collect the 
urine in two or more consecutive tubes because the first few millilitres voided 
may contain large amounts of phosphate and carbonate which may hide many 
of the spermatozoa from view. If it is only a question of numbers of spermatozoa 
present, phosphates and carbonates can be dissolved by adding a trace of acetic 
acid (20%). In a urine treated in this manner the spermatozoa can be counted 
in a coimting chamber for blood-cells, there being usually no other obstructing 
materials present except a few so-called prostatic bodies. In the present 
investigation, however, counting was rarely done and in the first instance the 
urine was examined for the presence or absence of spermatozoa. For this 
purpose a drop of the uncenti^uged urine was examined microscopically and 
the urine was considered to contain a normal amount of spermatozoa if more 
than five spermatozoa were found to be present in a low power microscopic field. 
In a urine of average concentration anything below five was considered as 
probably abnormal and a fresh specimen obtained a few hours later was examined 
to verify this impression. 
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The spermatozoa were also examined for motility in fresh unacidified urine 
kept in a stoppered vessel at room temperature and at 38° C. 

The differences in motility have been recorded as : 

(a) Strongly motile. 

(b) Motile. 

(c) Vibrating. 

(a) Strongly motile spermatozoa moved rapidly across the field of the 
microscope. 

(b) Motile spermatozoa showed intense movement of the body and the tail 
but swam about the field only sluggishly or not at all. Strong motility and 
motility could be readily observed under low power magnification (x70 
approximately). 

(c) Motility of a vibrating nature could only be seen distinctly under higher 
power magnification ( x 370 approximately). This was usually a rapid oscillating 
movement sometimes more pronounced in the head and body and sometimes 
more pronounced in the tail of a stationary spermatozoon. 

(1) Spermatorrhoea in Normal Fully-grown Phalangers. 

On examining the urine of adolescent male possums (Trichosurua vulpecula) 
kept in captivity, it was noted that spermatozoa began to appear in it only when 
the animal, judging by its bodyweight and its appearance, such as size of testicles, 
was fully grown. This was at an age of more than one year, and usually less 
than two years. For the first few weeks spermatorrhoea was somewhat irregular, 
i.e. a few spermatozoa were present in one specimen and absent in the next one. 
But after this initial period, spermatozoa in large amounts were found in any 
specimen of urine measuring 1 ml. or more, obtained at any time of the day or 
any time of the year. In the great majority of cases they numbered about 
from 10-100 in any low power field examined under a microscope, the number 
depending to a certain extent, on the dilution of the urine and as to whether the 
specimen was obtained from a very full or only slightly filled bladder. In the 
case of a full bladder, spermatozoa were much more numerous in the first 10 ml. 
than in the last 10 ml. out of the total volume of about 50 ml. Most of the 
spermatozoa voided with the urine were usually of normal appearance. When 
viewed on the flat they exhibited the characteristic arrow or spade-like head 
(Fig. 1). Identical findings were obtained from a kangaroo rat {^pyprymnus 
rufesoens) observed for a period of one year. 

Spermatozoal Motility . — Originally it was stated that the majority of 
spermatozoa obtained in the urine are non-motile and that only a very few may 
be still moving about in a sluggish fashion.'^’ However, after studying the 
spermatozoa carefully under high power magnification (x370 approximately) 
it was noted in addition to the rare motility observed under low power magnifica- 
tion that in the majority of specimens many more and sometimes as many as 
half of the spermatozoa present showed a form of motility which has been 
designated as “ vibration ”. These spermatozoa were stationary, but their 
bodies showed fast vibrating movements which sometimes were pronounced in 
only a part of the spermatozoon, such as the region of the head or the tail. If 
the urine was kept in a stoppered vessel these oscillations persisted for about 
1 to 4 hours at room temperature. Cooling the urine down to 4° C. and warming 
it up again to 38° C. did not materially influence longevity. 

Finally “ strong motility ” and widespread “ motility ” were also observed 
when a special attempt was made to study spermatorrhoea during the main 
breeding period in autumn. On fine days following a week of rain late in March, 
1942, it was observed that ail the five male possums kept in the laboratory 
exhibited widespread spermatozoal motility. Varying numbers of spermatozoa 
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exhibited strong motility, i.e. they moved about at great speed in the drop of 
urine examined. The longevity of these spermatozoa in urine was remarkable 
because in some instances motility was still observed nine hours after voiding 
the urine. 



Fig. 1. Spermatozoon and some debris from fresh urine of Triehoaurug 
tmlpeeula, unstained. Magnification x 1,000 approx. 


This qualitatively and quantitatively increased motility persisted for about 
1-2 weeks. During this period the possums in the laboratory mated and those 
obtained from the bush were pregnant, as evidenced by the appearance of pouch 
young in the following week. 

In this connexion it may also be mentioned that males may be fertile at 
least twice or probably several times during the year. For example, it was 
observed in our laboratories that one male sired two successive young in the 
same female in the same year. Furthermore, pregnancies were observed which 
did not refer to the general breeding seasons in autumn and spring. This would 
indicate that at least some males must be capable of producing fertilisation in 
between breeding seasons. 

Phalangers and other marsupials possess comparatively large testicles 
which on histological examination appear to be producing large numbers of 
spermatozoa throughout the year. A great number of them can be stored 
in the epididymis but only few in the vas deferens, which in Triehosurua tndpeeula 
and other marsupials is a narrow tube without an ampulla. There is, however, 
a definite enlargement in the lumen of the prostatic urethra beginning only 
a few mm. below the bladder neck at the point where the vas deferens enters 
the prostatic urethra and extending through the greater part of this organ.'’’ 
On examining the contents of this enlarged section of the urethra numerous 
spermatozoa were found to be present, and it may be quite probable that 
spermatozoa emerging in a more or less even flow from the vasa deferentia are 
stored in this widening and are flushed out on micturition. However, even 
the bladder may under certain conditions act as a storehouse for spermatozoa, 
since they were always found in considerable amounts in the urine contained 
in this organ in animals which had been killed. The entry of spermatozoa into 
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the bladder could be explained by the very dose position of the (q>enings of 
the vasa deferentia in relation to the bladder opening. In addition to this 
flushing out effect, it is also quite probable that on micturition larger numbers 
of spermatozoa are expelled from the vasa deferentia into the uro-genital canal, 
where they would mix with the urine coming from the bladder. 

(2) The Actton of Gonadotropic Hormone on Spermatogenesis. 

Two immature male possums of six and ten months of age respectively 
were given 4 injections of 250 international units of chorionic gonadotropic 
hormone obtained from human pregnancy urine (Gonan B.D.H.) over a period 
of three weeks. The younger animal (bodyweight 0 • 73 kg.) being too immature, 
showed no definite response and did not develop spermatorrhoea within the 
next four months. 

The older animal (body weight 1*5 kg.) was still a typically immature 
specimen as indicated by its bodyweight, size of testes and general appearance. 
The testicles were about the size of a large pea (approximate diameter 0*7 cm.) 
and the urine contained no spermatozoa. Six weeks after beginning the inje<!- 
tions a few spermatozoa were observed in the urine. At this stage the animal 
was still typically immature in appearance (body weight 1*6 kg.) but the scrotum 
was elongated and its vessels engorged. The testes were very firm and had 
increased in size (diam. 1*1 cm.). During the next fortnight approximately 
1-6 spermatozoa were observed per low power microscopic field, and a few 
specimens contained none, but after this spermatorrhoea became as marked 
and as consistent as in fully grown animals. Increased numbers of them were 
motile and many vibrating. Simultaneously the animal showed rapid general 
development, and two months after beginning the injections it was found to 
weigh 2*4 kg. Controls of similar age did not exhibit spermatorrhoea at any 
stage of the experiment. Therefore it was concluded that gonadotropic hormone 
brought on precocious spermatorrhoea. 

Similar amounts of gonadotropic hormone were injected into fully grown 
animals. No definite response was noted, but it was felt that the number of 
spermatozoa had increased on account of the injections. 

(3) The Action of (Estrogens on Spermatogenesis. 

On previous occasions it has been shown that ojstrogens, natural*** (cestrone, 
(BStradiol esters) or synthetic*®* (stilbocstrol, hexcestrol) inhibit spermatogenesis. 
However, to bring on this result large doses are requireci which seriously interfere 
with the general health of the animal and frequently lead to its death. For 
example, the weekly injection of 0 *5 mgm. of stilboestrol over a period of 5 weeks 
(total amount injected 2*5 mgms.) did not diminish spermatorrhoea while the 
total injection of 7 mgms. administered over a period of 3 weeks led to complete 
suppression of spermatorrhoea. This animal, however, died from the toxic 
effects of the stilboestrol and on microscopic examination of testes no spermatozoa 
were seen. A further experiment (S51) where 4*5 mgms. were given over a 
period of 3 weeks resulted in only a temporary loss of spermatogenesis. This 
and another experiment (H50), although mentioned in a previous paper*** 
will be described individually because they represent features not yet sufficiently 
emphasised. 

Experiment 851 . — The course of this experiment has been described for a 
period of seven months. The injection of stilboestrol (1 *5 mgm. per week for 
three weeks) brought on testicular ascent. However, in the sixth month of the 
experiment the external signs of the action of the hormone such as loss of weight 
and scrotal and testicular atrophy had mostly disappeared and spermatozoa 
were produced as evidenced by spermatorrhoea. At first they were not numerous 
and frequently they appeared to be deformed. Within a week, however, they 
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were as numerous as in controls, but in contrast to the controls, motility and 
markedly increased vibration were observed. To test the fertility of the animal 
it was mated with a female which shortly afterwards was found to be pregnant. 

ExperimerU H50 . — This animal received injections of 2 mgm. of hexosstrol 
twice a week over a period of four weeks. Spermatorrhoea was present before 
the injections were begun and persisted during the first two weeks. For a period 
of three months after this no spermatozoa were observed in the urine ; then 
spermatozoa began to reappear in the urine, though in small numbers and 
frequently abnormal in size and shape. Within a fortnight after their reappear- 
ance, however, the sp^matozoa present in the urine were of approximately 
normal numbw and appearance. With regard to motility it was observed in 
some specimens that for a period of about three weeks, actively motile 
spermatozoa were present, as well as an exceptionally large number of vibrating 
spermatozoa in comparison with controls. This temporarily increased, 
motility subsided again, but spermatorrhoea remained a constant feature as 
long as the animal was observed, which was a period of 12 months. 

These experiments demonstrated that the restoration of spermatogenesis 
after its inhibition by oestrogens was a permanent one. After the re-establish- 
ment of spermatorrhoea, fertility was not interfered with and a temporarily 
increased motility of the spermatozoa might even indicate increased activity 
of the gonads. 

(4) The Action of Testosterone Propionate on Spermatogenesis and Spermatozoal 

Motility. 

As pointed out before*** testosterone propionate, when given in large doses 
over a period of several weeks, may diminish or abolish spermatorrhoea. 

However, when only two or three weekly injections of 4-8 mgms. of test- 
osterone propionate had been given, increased motility of the spermatozoa 
was frequently noted. These findings were made in between breeding seasons 
on a group of five males and increased vibration lasting for several hours was 
present in the majority of the urine specimens examined. Many samples 
showed motility which, in some cases, was observed in practically every 
spermatozoon. A small number of specimens showed strong motility, i.e. both 
at room temperature and 38° C. many of the spermatozoa moved about at great 
speed in the drop examined. In a few cases this strong motility was observed 
for hours and in one case motility was still observed ten hours after voiding the 
urine. Generally, in these urine specimens, the spermatozoa behaved as they 
did during a breeding period described in an earlier part of this paper. 

However, as abeady pointed out the majority of specimens examined 
after the administration of testosterone propionate, showed only increased 
vibration or no increase in spermatozoal activity at all. Notwithstanding this 
fact it was concluded that the markedly increased motility, although only 
sporadic, was due to the administration of testosterone propionate. 

(5) The Action of Progesterone on Spermatogenesis. 

On a previous occasion*** it has been reported that progesterone produces 
a typically androgenic reaction on the adolescent but almost mature male 
phalanger. After the weekly injection of 2 mg. of progesterone over a period 
exceeding two months the penis of these animals was found to be of increased 
size and protruding from the cloaca for a distance of 3 to 4 cm., while in controls 
of similar age the copulatory organ is hidden retracted in a preputial fold within 
the cloacal hillock. As soon as this precocious behaviour was noted in the 
treated animals, their urine was searched for spermatozoa but with negative 
results. However, spermatozoa began to appear in the urine at about the same 
time as they did in untreated controls of similar age ; viz. about three months 
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after the onset of the penial protrusion and as in the untreated anim als most 
of the spermatozoa were not motile. The injections of progesterone were 
kept up for a period of six months and at frequent intervals the urine was 
oxamined. Spermatozoa were always foimd to be present in approximately 
the usual amount and predominantly in a non-motile state as in controls. 
Finally the animals were killed and at post-mortem examination the prostate 
was found to be about 50 % larger than in normal controls. 

Discussion. 

In the order Marsupialia it has been established for at least two species of 
its sub-order Diprotodontia, e.g. Trickosurus vulpecula and Mpyprymnus 
rufeacens, that spermatozoa are excreted in the urine throughout the year. 
Many of these stUl show signs of life though suspended in normal urine, and they 
can be obtained very easily in any amount without ill effects on the donor. 
This constant voiding of spermatozoa is in marked contrast to the short period 
of ejaculation of spermatozoa in higher mammals where those spermatozoa 
which are not ejac^ated disintegrate and are ultimately reabsorbed. On the 
other hand, the release of spermatozoa as observed in the marsupial relates to 
non-mammals such as reptiles, where the testes discharge their products to a 
part of the original kidney. The original kidney duct (Wolffian duct) is employed 
as a vas deferens. In reptiles, therefore, spermatozoa are transported in the 
urinary flow and must arrive in the cloaca mixed with urine. 

In marsupials the vasa deferentia connecting with the extraabdominally 
situated testicles link up with the urinary tract below the bladder as in higher 
mammals. Nevertheless th(( spermatozoa, with a possible exception of the 
short period of copulation, still depend on the urine as a medium of transport 
and excretion as in reptiles. It is not known yet how spermatozoa are trans- 
ported during the act of copulation. 

The study of the action of sex hormones on spermatorrhoea of Trickosurus 
vulpecula supports the contention that spermatorrhoea gives a true picture of the 
state of spermatogenesis of the animal examined, because these findings are 
essentially similar to those reported on spermatogenesis in non-marsupials, 
where usually the testes have been examined histologically in order to investigate 
the production of spermatozoa. 

For example, after the injection of chorionic gonadotropin in adolescent 
Trickosurus vulpecula^ spermatozoa were observed about, three months earlier 
than they appeared in controls. This undoubtedly was due to precocious 
spermatogenesis which also has been reported to occur after the administration 
of gonadotropic substances, e.g. in certain lizards**’ as well as in ground squirrel.*” 

The atrophic actions of large doses of oestrogen on the testes are well recog- 
nised, and in rodents the cessation of spermatogenesis has been reported after 
their administration. This has been confirmed in numerous experiments on 
possums.**’*®’ The outstanding finding in the present report is the observation 
that complete recovery of spermatogenesis together with proven fertility occurs 
within one month after the reappearance of spermatorrheea. The temporary 
increased motility observed shortly after recovery of spermatogenesis is note- 
worthy and in view of the findings after the administration of testosterone, one 
might assume a late androgenic manifestation of (estrogens. 

Bepeated injections of testosterone propionate impair the function of the 
testes as pointed out by Moore and Price,*®’ as is the case with (estrogens. In 
our marsupial, Trickosurus vulpecula, spermatorrhoea sometimes ceased after 
the repeated injection of large doses of testosterone propionate, doses which in 
no way affected the general health of the animal. 

The increased motility observed after a few testosterone injections, though 
marked, was only sporadic. This was interpreted to mean that testosterone 
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represents only one factor in several necessary to maintain motility and that on 
comparatively rare occasions all the factors, as for example the correct concentra- 
tion of the hormone, the correct pH, the optimum amount of prostatic secretion, 
etc., are present to bring on and maintain the strong motility. The question 
as to whether such motile spermatozoa suspended in urine as well as lesser 
motile ones may be fertile, could only be solved by experiments with artificial 
insemination. Such experiments, however, have not yet been performed. 

Summary. 

1. In fully grown healthy male marsupials such as Trichosurua vvlpeeula 
and Mpyprymnua rufescena, spermatorrhoea is constantly found throughout 
the year and is directly related to spermatogenesis. Usually the majority of 
the spermatozoa voided in the urine are non-motile, but a large percentage of 
them, though stationary, may show a fine vibratory movement under high 
power mag^cation. Actual motility visible under low power magnification 
is rarely seen except during breeding season, when strong motility is also observed. 
In such urine specimens a number of spermatozoa remained motile “ in vitro ” 
for more than nine hours. 

2. Uonadotropic hormone obtained from pregnancy urine when adminis- 
tered to immature animals hastens spermatogenesis. 

3. Large doses of osstrogen abolish spermatogenesis as shown by the loss 
of spermatorrhcea and absence of spermatozoa in the testes. If the animal 
survives the ill effects due to the administration of oestrogen, spermatogenesis, 
as well as fertility, are re-established in about 3-5 months. 

4. The injection of male sex hormone may confer widespread and sometimes 
even strong motility on the spermatozoa voided in the urine. The injection 
of frequently repeated doses of testosterone may diminish or even abolish 
spermatogenesis. 

5. Progesterone does not seem to have any effect on spermatogenesis. 

6. These findings have been discussed in brief and marsupial and reptilian 
spermatorrhoea have been compared. 
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Leptospcrmum eitratum was described as a distinct species and the chemical 
composition of the essential oil revealed by ChaUinor, Cheel and Penfold in 
1918.<** Since that date experimental plots have been established in various 
parts of New South Wales and Queensland, as well as in Kenya Colony, South 
Africa, and in the Netherlands East Indies. The essential oils from a number 
of these plots have been examined, and without exception the results confirmed 
the chemical composition of the original oils examined in 1918.*®’ 

The oil from the type species, which consists principally of the aldehydes 
citral and citronellal, has been an article of commerce for several years past. 
The war has been responsible for an unprecedented demand, with the result 
that the price rose to £10 per gallon at the stills in September, 1941. The 
principal localities for the supply of the oil have been Punchbowl, Whitcville, 
Baryulgil and Copmanhurst, all in the Grafton district of northern New South 
Wales. 

The tree grows in rocky ledges in inaccessible parts of the Dividing Range, 
and is very sparsely distributed. The increasing demand for the oil has caused 
an intensive search for new areas. The essential oils distilled from material 
collected from these new areas were found to differ markedly in chemical com- 
position from the typo species. Field investigations revealed the occurrence of 
at least two forms growing at Tyndale on Woodford Island, situated a few miles 
west of Maclean on the Clarence River of New South Wales. One form was 
observed at Copmanhurst.. 

Botanically the two forms are identical with each other and the type species. 
Specimens of each were submitted to Mr, K. H. Anderson, Chief Botanist of the 
Botanic Gardens, Sydney, who confirmed our own determinations. He did, 
however, comment on the fact that the characteristic odour of the typo species 
coxild not be detected in the forms. 

The description given in the original paper' fits the forms exactly, although 
flowers of the latter have not yet been seen. 

In order to distinguish the two forms, they have been designated variety 
A and B respectively. The leaves of variety A when crushed between the fingers 
emit a terpene-like odour resembling y-terpinene, whilst the foliage of variety B 
gives a rose-like odour characteristic of geraniol. 

The chemistry of the essential oils has not yet been completely elucidated, 
and further work has been deferred owing to the war. 

The purpose of this note is to place on record the occurrence of the two 
forms, togetW with sufficient chemical data to enable them to be readily 
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1-0% 0-87S2 -fSA* 1-M88 10-1-2 vol., 46-50% Also contains citronellal 35%. 

to to I to to 70% Total aldehyde, 76-85%. 

1-6% 0-8868 -fS-O* 1-4767 1 | 
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identified and separated from the type species. The accompanying table gives 
the chemical and physical characters of the essential oils distilled from material 
collected by ourselves in September, 1941, together with those of samples 
supplied by distillers. For comparative purposes the chemical and physical 
characters of L. citratum type are also included in the table. 

The constituents which have so far been identified are as follows : 

Variety A. — ^y-terpinene b.pt. 179-181° 0. (762 mm.), (d{®' 0-861, a®, -j-0 -24°, 

1-4781; m.p. of the erythritol, 236-236°), d-a-pinene (pinonic acid, m.p. 
69-70°), cymene (p-hydroxy-isopropylbenzoic acid, m.p. 165-156°), cineol, 
unidentified terpenes, linalool (?), with small quantities of sesquiterpenes and 
eugenol, 0-6% (benzoate m.p. 69-70°). 

Variety B. — t'itral 16% to 20% (dJI” 0-8928, n®, 1-4883, semiearbazones 
m.p. 163-164° and 135-136°), geraniol, free and combined as formate and acetate, 
(dJI’ 0-880, a^, -f-l-44°, n®,o 1-4699, silver salt of phthaUc acid ester m.p. 133°, 
diphenylurethane m.p. 82-83°), with citronellol and similar esters. 
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THE HEROIC PERIOD OF GEOLOGICAL WORK IN AUSTRALIA.* 

By E. (’. AndeBWS, B.A., F.G.S. 


Contents. 


Part I. The Great Explorers 

(i) The geological work of the pioneers not recognised sufficiently — Greology and 
Geography obviously interlock, however, and early geological progress in 
Australia was “ part of the history of topographical discovery 
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Part I. The Great Explorers. 

It is contrary to the usually accepted ideas of justice and fitness that the 
romance of our early geological gropings in Australia should be neglected by us — 
the heirs to all that picturesque past — ^for the history of geological progress 
in Australia is bound up with a wealth of heroic deeds ; with herculean struggles 
with Nature when in unbending and savage mood ; it is a record of triumphs 
won in the teeth, as it were, of grim and armed antagonisms. From the year 
1797, when Surgeon Bass observed the coal seams in the steep coastal escarpments 
north and south of Sydney ; when he observed fragments of coal in the stream 
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gravels of the great ravines dissecting the Blue Mountains and explained their 
occurrence as due to the denudation of a series of persistent coal seams underlying 
the whole of the Greater Sydney District, students have attempted to piece 
together the fragments of the fascinating but complicated story of Australian 
geological stratigraphy and structure. 

Sturt, long ago, set himself the alliiring but difficult task of explaining the 
geological setting of the Sydney District. 

At the present time, with the advance which has taken place both in 
geographical and geological knowledge, together with the greatly increased 
facffities for subsistence and transport in Australia, there is a tendency among 
the younger geographers and geologists to look askance at the reports and the 
maps of the pioneers. To them these appear to be mere crude and hopelessly 
incomplete attempts as compared with the products of recent and modern work. 
It is, of course, not to be denied that most of the work accomplished by the 
pioneers has been done again with greater accuracy, but any neglect of the 
efforts of the early explorers, such as the curt dismissal of their work as though it 
were unworthy of serious thought, is a matter for definite regret, for, as will be 
seen, these pioneers of Australian geography and geology were real heroes, and 
even the plain unvarnished recital of their epic struggles is redolent of romance, 
romance which imparts life, pathos, grace, dignity, and grandeur to Australian 
history. ^ 

Australia, in 1788, was a vast unknown area, and the earlier geological work 
necessarily resolved itself mainly into ascertaining the main features of the 
general topography and geography. In order thus to evaluate the work of the 
earlier explorers, it is necessary to consider the topographical, commissariat, 
and transport difficulties which had to be imagined, and provided for, in a great 
unknown land, together with the state of geological knowledge at the time that 
they made their adventurous essays. These points may be considered here 
in order. 

(i) Geographical Difficulties. 

The pioneer investigators, first and foremost, were explorers whose main 
objectives were the discovery of topographical and climatic conditions, suit- 
ability for settlement, and, most of all, the safe conduct of their parties back to 
civilisation. Nevertheless, even when taxed to the utmost to keep body and 
soul together, they continued to make faithful entries in their diaries concerning 
the topography, climate, rocks, soils, botany, pasturage, suitability for settlement, 
and so on, of the country traversed by them. The actual dangers and dis- 
appointments to which they were subjected appear not to be well known generally. 
Suffice it to say that so appalling were the obstacles encountered that only brave 
men, imbued with a profound belief in their mission, could have faced them to 
the bitter end. One naturally asks : Who, in all this galaxy of heroic souls, 
this band, “ faithful to the end ”, is to be acclaimed “ brightest and best ”? 
Or, again, who of all those, seeking to elucidate the mysteries of their new 
continental home, was forced to plumb the most profound depths of misery, 
anguish, agony, horror and despair? 

Was it perchance the intrepid Bass, the hero of the daring voyage of 600 
miles, from Sydney to Western Port, in an open whaleboat ; who, later, according 
to report, was made prisoner at sea and condemned to the unspeakable horrors 
of a living death in the metal mines of South America? 

Was it Flinders — ^joint hero with Bass in the daring venture of 1795 in the 
Tom Thumb, a mere eight-foot cockle shell — ^when, with the end in sight, as it 
were, of his grand survey of the whole sweep of the Australian coast, he was 
called on to endure the sting of unexpected defeat occasioned, according to 
report, by “ shipwreck, tragic suffering, and diabolical treachery ” ? 

I 
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Was it the indomitable Byre, in 1840-1841, when — ^in his desperate search 
for water in that area of unspeakable desolation, the shore of the Great Australian 
Bight — with a mere sponge only, he laboriously gathered the priceless fluid drop 
by drop from the herbage and stunted vegetation ; or, at a later stage, when he 
came on the body of the murdered Baxter, and sensed the utter loneliness, 
destitution, danger, and horror of his position, with his only white companion 
and friend gone, and he himself deprived of food, weapons, and means of 
transport ? 

Was it the “ great and gentle ” Sturt, that prince among Australian explorers 
unable — after his descent of the Murrumbidgee and the Murray — to force a 
passage through the coastal breakers beyond Lake Alexandrina, and driven to 
face the heart-breaking return upstream with a crew ill and disabled, and with 
hordes of hostile savages dogging his path seeking opportunity to ambush and 
destroy him f Was it Sturt again, in 1846, faciog the horrors of a record drought 
at Eocky Glen, far to the north of Broken Hill, where he saw the one and only 
waterhole of the district drying up, but dared not leave it because of the certain 
death by thirst awaiting him outside ; where the beefwood tree by the camp 
marking the site of the grave of Poole, his second in command, was a continual 
reminder of his desperate plight ; where also a little later he was to despair of 
the life of his friend Harris Browne ; where the average maximum temperature 
for December, January and February had been 101, 104 and 101 degrees 
Fahrenheit respectively ; where the screws of all the boxes had been withdrawn 
by the heat ; the combs and the horn handles of the instruments split into fine 
strips ; the lead fallen from the pencils ; the fingernails become brittle as glass ; 
where the wool on the sheep and the hair on the men’s heads had ceased to grow ; 
where, around his imprisoned party, extended the interminable lines of sand 
ridges ; where, later also, he was called on to choose between the abandonment 
of his cherished quest for the continental centre or to condemn his party to 
certain death in the desert ? Was it Sturt at that stage, or later still, when — 
with his body racked in the unspeakable agonies of scurvy in its acutest form — 
placed by Harris Browne in a waggon rut to ease his torture somewhat, he had 
called his faithful servant, Davenport, to him and extracted from him the 
promise that, in the event of his death, at all costs, he would ensure the safe 
transmittal to Queen Victoria of a cherished copper specimen found by him 
during the trip, and which would assure the Home Government of the existence 
of mineral deposits of value in Australia? 

Was it Kennedy, in 1848, when, dogged by disaster from the start near 
Hinchinbrook Island, in the form of unceasing rains, interminable pestilential 
swamps, flooded rivers, interlacing and thorny jungle growths, insect plagues, 
and murderous blacks, and seeing his one-time large party perishing around 
him, he had set out for aid, attended by his faithful aborigina] servant Jacky, 
only to fall exhausted in the jungle, a martyr to starvation, illness, and the 
spears of aborigines, just as he had come within sight of safety ? 

Was it the impetuous Burke, in 1861, when, after the dash across the 
continent, and finding the dep6t on Cooper Creek deserted, he had sunk exhausted 
in his tracks in a vain attempt to reach Mt. Hopeless, and, feeling his end 
approaching, had begged his associate, the young soldier, the faithful King, not 
to leave him before the bitter and imminent end? 

Was it Wills, the amiable high-souled Wills, when, at the limit of his 
endurance, he had bidden his companions to leave him to his fate and save 
themselves ; he who had been left to die in utter loneliness, his body found later, 
with his journal by his side, his flnal entry being on the weather with the jocular 
remark that, like Micawber, he was waiting for something to turn up? 
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Was it King, the young soldier from India, as he left the dead leader Biurke, 
to return to the possible relief of Wills ; as he buried the latter but lacked 
strength to return for the interment of Burke? 

Was it Howitt (1861), the brilliant bushman, explorer, geographer, geologist, 
anthropologist and administrator, acclaimed by all as a hero, as his relief party 
had come on the pitiful sight of the emaciated and almost unrecognisable King, 
and, under his guidance, had first buried, and, later, collected the bodies of the 
unfortunate Burke and Wills for honourable interment in Melbourne ? 

Was it Gregory (1866-6), the man who, according to Sir Hugh Nelson, 
“ contributed more to the exact physical, geological and geographical knowledge 
of Australia than any other man ”, when he had been driven back from the 
search for Leichhardt by the pitiless and blinding ridges of sand which succeeded 
each other interminably to the south of the sources of the Victoria Biver ? 

Was it that prince among bushmen, McDouall Stuart (1861-2), he who 
surely earned “ the palm of martyrdom in the cause (of Australian exploration) 
which lay so near his heart ” ; he who had never failed to bring his parties safely 
back to civilization ; he who, on the occasion of the return from his glorious 
achievement in crossing the continent, had found himself apparently paralyzed 
and blinded with scurvy in its severest form, and yet so far from home that his 
party could not hope to reach it without his guiding genius ? What must have 
been the anguish of spirit experienced by that great leader in his desperate 
attempt to cheat death until his purpose should have been accomplished ? 
Conveyed for 600 miles in a rude litter slung across two horses trained to walk 
side by side, what must have be(m his reflections in his attempt to bring his party 
back to safety, his malady gone so far as to clause him to shrink from himself 
with nausea by reason of the decay consuming him even while he lived ? 

Was it Warburton, in 1873-i874, in the fearful passage of the waterless 
wastes along the 20th parallel as he struggled apparently hopelessly in his march 
against death by hunger and thirst towards the ever elusive salvation awaiting 
his party on the Oakover? 

Was it Giles (1873-1874), leading a forlorn hope, with Gibson, into the 
waterless desert west of the Eawlinson Range, and forced to return alone to 
Tietkens and Andrews, his companion, Gibson, having perished in the wilderness ? 

Prom such an army of noble spirits, it would indeed be difficult to select 
one as being foremost in courage and valour. Where each individual, whether 
master or servant, as Sturt reported officially of his own party of 1844-1846, 
was little less than a hero — as for example, his servant Davenport, who, when 
solemnly enjoined by Sturt, supposedly in extremis, to deliver the copper 
specimen, abovementioned, to Queen Victoria, replied “ Not only shall it be 
delivered to Her Majesty, but I will bring you yourself also to safety ” — the heroes 
of scientific exploration in other countries would be hard put to it to suri>ass 
the courage, chivalry, and self-denial of the Australian explorers in their struggles 
against famine and thirst in the desert. 

Such then were the actual conditions under which our earliest geographers 
and geologists toiled. The writer, more than twenty years ago, had been 
relating the stories of Eyre, Sturt, Stuart. Kennedy, Gregory, Burke and Wills, 
Howitt, and others, to a group of American scientists. At the conclusion of the 
recital, and while the company appeared somewhat puzzled, wondering whether 
these things had really happened, or whether the story-teller had not been 
carried away imduly by enthusiasm for his compatriots, it so happened that a 
distinguished American geologist, who had himself travelled in arid Australia, 
assured his fellow countrymen that there were many men in Australia who had 
accomplished feats equally wonderful with those of the United States explorer 
J. W. PoweU down the Colorado, the only difference between their exploits 
appearing to lie in the fact that Powell had a foaming torrent, a river gone mad. 
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as it were, a torrent of mud and sand, as his most formidable obstacle, whereas 
the main enemy of the Australian explorers lay in the “ absence ” of water and 
of food. 

But, even with these incredible handicaps, the geographical and geological 
results obtained by these heroes were far from inconsiderable, despite the relative 
neglect into which they appear to have fallen. It may be sufficient to give a 
single illustration, namely that of Sturt. The keenness of Sturt’s powers of 
observation and reasoning wUl be appreciated still more when we come to 
mention the state of geological knowledge generally obtaining at the time. 

Sturt, a pioneer of the highest rank, spent his life in the advancement of his 
adopted coimtry, Australia. Sir Eoderick Murchison, as President of the 
Boyal Geographical Society, said of him in 1870, “ Of the many hardy and 
energetic men to whom we owe our knowledge of the interior of Australia, 
Charles Sturt is, perhaps, the most eminent ”. In the period 1828-1831 he 
“ corrected Oxley by proving that the superfluous waters of the western slope 
of the Blue Mountains were Gained by the Eiver Murray, and thus achieved a 
most important discovery. In 1829 he followed the Murrumbidgee to the Murray, 
and thence to Lake Alexandrina ” (Tate). The fossil Mollusca, Polyzoa and 
echinoids he found in the Murray cliffs he referred to sjjecies of the Eocene of 
England, France and Germany. Although all his specific identifications of 
these forms were wrong, nevertheless the species found by him were so closely 
allied to the European forms with which he identified them that his stratigraphical 
correlation was right. 

In 1840, in a lecture, Sturt summarized the results of a decade of geological 
observations by himself in eastern Australia. “ The primary rocks are the 
receptacles of the richer ores .... Besides coal, many slates of the carboniferous 

formation contain also beds of iron ore ” He sketched the general structure 

of south-eastern AustraUa as seen by himself, commencing with the central 
sandstone and basalt of the Sydney and Blue Mountain areas ; referred to the 
ring beyond these of the coal and “ trap ” formations of lUawarra and the north ; 

and still beyond these again the belts of granite and so on “the former 

making glad lUawarra and the Hunter the latter fertilising the pastures of 
Argylle ”. He described the limestones and the caverns therein of the Wellington 
and Molong areas, with the various marsupial bones “ some larger than any now 
existing. No bones, however, occur of any species foreign to the continent.” 
He described the fossil banks of the Murray, whence a slope of slight angular 
value carries the highly fossiliferous strata to a height exceeding three hundred 
feet above sea level. He pointed out how the beautiful state of preservation 
of the dense mass of shell and coral remains had led him to ascribe a recent age 
to the strata, but “ on my late visit to the Murray I found embedded, a foot 
above the water, in rocks under cliffs a hundred feet high, a solitary shark’s 
tooth, and near it a nautilus. Both these remains argue for that formation an 
older date than the apparent newness that some of the shells had led me at first 
to ascribe to it.” From these, and numerous other observations, he concluded 
that Australia had once consisted of an archipelago of vast and ancient rock 
masses ; that the sea, separating eastern and western Australia, in the not 
distant geological past, had receded and had been succeeded by fresh-water 
lakes, iffiand seas and immense swamps, which effectually maintained the 
separation of Australia into two vast provinces, namely east and west ; further- 
more, that this isolation was still maintained by desert conditions which had 
supervened on the marked pluvial conditions of the immediate past speaking 
geologically. 

During his famous expedition of 1844-1845 to determine, among other 
things, whether traces of this ancient inland sea existed, he made extensive 
collections of rocks and minerals in the Broken Hill district. Especially attracted 
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was he by the giant outcrops of magnetite and hsematite which he encountered 
a few miles north-east of Broken Hill. He does not appear to have been fortunate 
enough to have crossed the Broken Hill Lode outcrop itself. Had he done so, 
it is highly probable that he would not have failed to bring it under the notice 
of the mining world. 

He made clear-sighted references to the striking topography of the Mundi 
Mundi hills, a little distance north-north-west of Broken Hill, but he ascribed the 
alignment of the basal points of the steep fault scarp overlooking the Mundi 
Mundi Plain to the action of the ocean beating on a rocky shore. This cliff 
feature, in the light of modern knowledge, appears to be the result of erosion 
on a local dislocation of the rock masses. 

Sturt was much puzzled also in attempting an explanation of the extensive 
outcrops of what are now known to be great fluvio-glacial wastes which form 
a considerable proportion of the hill masses around Poolamacca, to the north 
of Broken Hill. He confessed his inability to explain the origin of this apparent 
chaotic hardened agglomeration of huge boulders, angular masses, and small 
ill-assorted rock fragments, all set in a ftnely-textured matrix of unstratitied 
nature. His difficulty was but natural, as nothing was known at that time 
concerning ancient glacial climates, and indeed Agassiz and Charpentier had only 
just demonstrated the origin of the widely spread European “ drift ” which, 
up to that time, had been explained generally as the result of the Noachian 
Deluge. 

Tate pays him a definite tribute — “ From independent observation, I had 
arrived in 1879, at much the same conclusions as Sturt, though from different 
premises. At that time I was not aware of his labours .... and now make this 
tardy acknowledgment of Sturt’s instinctive grasp of the nature and origin 
of the Lake Eyre Basin. .. .Consequently, T have elsewhere expressed the 
opinion that the isolation of West from East Australia, which existed while 
Central Australia was a marine area, was continued into late Tertiary times, 
not by geological, but by climatic conditions — by conversion of the depressed 
area into a vast fresh water sea, to be followed in our own time by utter desic- 
cation. ...” (Tate, 1893, pp. 43-44). 

“ A tribute is due to Sturt’s scientific merit and sagacity. . . .He stands pre- 
eminent among land explorers for the accuracy of his observations, evincing the 
most patient and thoughtful investigation, for the great power of generalisation 
which throws a charm over all his narratives, and for his highly philosophical 
deductions. Sturt never received in his lifetime the honour wliich was his due ; 
and much of his geological work and speculations have either been overlooked 
or ignored, because it was thought (geology being then in a not very advanced 
state) that he was not a very experienced geologist ” (Tate, 1893, p. 17). 

(ii) Backwardness of Geological Science. 

Having glanced briefly at the physical difficulties under which the pioneer 
explorer-geologists laboured, it will be helpful now to take a passing look at the 
state of geological knowledge at the time of the early explorations. 

At the time of Governor PhiUp’s landing (1788) in Sydney, the science of 
geology was decidedly backward. The word “ geology ” itself does not appear 
to have been employed till 1778. It is true that even in those early days there 
were original observers who had the courage to announce their ideas to the 
scientific world. Giovanni Arduino (1713-1795) had classified rocks in the 
north of Italy imder the heads of Primitive, Secondary, Tertiary, and Volcanic. 
J. G. Lehmann, from a study of rocks in Germany, about 1762, had grouped 
them somewhat similarly as Arduino had done for the Italian formations. In 
the Harz and surrounding districts, he had fotmd rocks crumpled with steep 
and .vertical dips which formed the mountains. These he considered as con- 
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temporaueous with the formation of the earth. Upon these, with sub-horizontal 
or moderate dips, he had recognised a younger or secondary group containing 
numerous traces of animals and plants. Giraud-Soulavie (1762-1813) had 
told of the wealth of information contained in the limestone outcrops of the 
south-east of Prance. In the lowest beds he had found fossils, none of which, 
however, appeared to have any living representative. These were his Primordial 
rocks. In the group next above these he had noted that some of the fossils 
resembled modern forms, while others appeared to be extinct. This was his 
Secondary group. His Tertiary group contained shells which might be confused 
with existing species. Associated with these three groups were carbonaceous 
shales and slates with vegetable remains. This comprised his fourth series ; 
his fifth series was still younger. 

Important observations had been made also by G. C. Fiichsell (1722-1773). 
Prom actual field work in Thuringia, he had come to the conclusion that there 
was a general order of succession in the stratified rocks ; that they differ from 
each other in their fossil contents ; and that they evidence the alternation of 
sea bottoms and land surfaces in one and the same area. 

Nor among these men of vision must we forget names such as Guettard, 
Desmarest, Buffon, Lamarck, Hutton, and William Smith. Omitting, for the 
present, the names of Lamarck, Hutton, and Smith, it may be shown that 
Guettard (1715-1786) had demonstrated the actual origin of the basalts, of the 
Auvergne in France, as lavas. From 1751 onwards he had published his famous 
descriptions of fossils found in France, in which he had shown not only the 
structural relations between fossils and living marine animals, but also the great 
similarity of the accidents which had happened to their forms. From these 
observations he had inferred that the regions examined by him had been 
alternately land surfaces and sea bottoms. Desmarest (1725-1815) refused to 
take part in the absurd speculations existing concerning the origin of basalt 
and other lavas, but simply said “Go to the Auvergne and see for yourselves ”. 
To him seeing was believing ; the lavas could be seen to have been pomed out 
in a molten state. Buffon (1707-1788), as Palissy (1610-1688) before him, 
also had made magnificent contributions to geology, especially by drawing 
attention to fossils as being records of the former conditions of the earth’s 
surface ; nevertheless, the necjossity for keeping one eye, as it were, on the 
Sorbonne, while trying to tell the truths of Nature, caused his writings to lose 
their proper weight, and to accomplish no more towards a revolution in world 
thought than the mild plop of a smooth pebble dropped gently into a large water 
surface can set up storm waves therein. 

Desmarest also appears first to have perceived how land forms have been 
sculptured by the action of weather, streams, glaciers, and waves, while de 
Saussure, Hutton and Playfair somewhat later had perceived the part these 
activities played. 

But these, as others also, were but as mere voices raised in the wilderness ; 
their illuminating and clearly-stated records lay musty and unheeded on the 
book shelves of the learned societies. There they awaited the genius of a later 
generation to recognise their merit. The world was still xmprepared for their 
revolutionising ideas. The weight of tradition and religious “ revelations ” 
was opposed definitely to their acceptance. Fossils themselves were regarded 
variously as mere “ freaks of Nature ”, devoid of connection with organic life ; 
as peculiar imitations of organisms ; as creations of Satan ; as shells cast by 
pious pilgrims en route to shrines ; as evidences of Noah’s Flood. Buffon had 
stated his case so guardedly for the apparently great age of the earth, and for 
the grand rdle played by fossils, that he raised no storm of opposition either 
from officialdom or from religion. 
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But it was not the force of popular tradition and of clerical authority 
alone which permitted the magnificent conceptions of these early geniuses to 
suffer neglect for so many years. Besides these adverse influences there was 
the weight of the authority of certain recognised leaders in geology. Especially 
was the influence of Werner (1749-1815) a block to true geological progress. 
He, a recognised leader, maintained the old doctrine of a primeval ocean forming 
an unbroken envelope to the globe. From this ocean the various rooks of the 
earth had been deposited in a definite order. Granites, granitoids and other 
plutonics had been deposited from the ocean while it was extremely hot. Werner 
followed Buffon in regarding volcanoes as relatively modern features which had 
been unable to function until vegetation had been accumulated and buried in 
quantities sufficient to maintain the heat necessary to support volcanism. Buffon 
himself estimated the age of the earth as not less than 70,000 to 75,000 years, 
and that the first volcanoes could not have come into being until the earth was 
about 50,000 years old, thereby allowing time for vegetation to be accumulated 
in masses sufficient to maintain the volcanic fires. 

Werner classified rocks into Primitive types, such as granite, diorite, 
serpentine, gneiss, schist and lavas ; Transition types, these being chemical in 
part and mechanical in part, fossil-bearing rocks being included ; Plotz, mainly 
detrital in nature ; and Alluvial types, including sands, muds, clays, gravels 
and peats. In his opinion the granitoid, gneissic and basaltic types had been 
precipitated chemically from a very hot ocean. Deposition under conditions 
of less heat had given rise to limestone, shale, sandstone, conglomerate, slate, 
and so on. In his opinion the dry lands had appeared by reason of the subsidence 
of the ocean. Buffon came to his rescue on this point in 1778, maintaining that 
the ocean level had fallen by its disappearance into vast subterranean caves. 
Werner himself seemed inclined to think that portion had been drawn off by the 
approach of celestial bodies. He also met the difficult problem of folding and 
related phenomena by insisting that the rocks precipitated during the earliest 
stages had been deposited with their present attitudes, moderately inclined in 
places, crumpled, and even standing on end in others to form the mountains ; 
rocks deposited later were less steeply inclined, while these passed successively 
from forms possessing moderate dips to those that comprised the fiat plain- 
alluvium. 

Gradually, however, in spite of the general outlook and teaching of the 
leading academicians, the leaven of the findings of the great field observers 
mentioned above began to take effect. Space forbids more than brief mention 
of Hutton, W. Smith, Lamarck, Cuvier, Brongniart, von Buch, Lyell, Murchison, 
Sedgwick, and Logan. 

Hutton (1726-1797) sought to interpret the past history of the earth in 
terms of present-day activities. The evidence for his belief lay in the relics of 
successive marine and dry land conditions observed by him in continental areas. 
He supplied field evidence also for his belief in the intrusive nature of granitoid 
and other igneous rocks. He distinguished between Primary and Secondary 
rocks, and he showed not only how the present land forms owe their shapes 
mainly to the sculpturing action of the weather, the streams and the waves, but 
that the waste derived from the wearing down of the hills has been distributed 
at lower levels to form the sedimentary rocks, and that there have been cycles 
of this action with sea and land conditions alternating. It was just his magnificent 
physiographic conceptions which were ignored by his countrymen until Jukes 
recognised their value in 1862. In the meantime, the American geologists, 
working in an area from which demonstration might be expected naturally to 
arise, rediscovered the principles for themselves. 

Lamarck (1744-1829), the founder of invertebrate palaeontology, evolved a 
system of organic evolution to explain the successive progress of organic forms. 
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In this keen perception of Lamarck’s, one notes an imm^ise advance in geological 
knowledge. Ifotwithstanding this, he, in his attempt to explain the wide 
distribution of marine fossils at great elevations, imagined that the ocean basins 
had been formed by marine scouring, and that the sea was slowly eating away 
the eastern margins of the lands and redistributing the waste on the western 
sides. 

Cuvier (1769-1832), father of vertebrate palsBontology, together with 
Alex. Brongniart (1770-1847) worked out the details of succession of the Tertiary 
formations of the Paris basin (1808), and showed how each is characterised by 
distinctive fossils. 

William Smith (1769-1839), however, long before the published work of 
Cuvier and Brongniart, independently had discovered that the component 
members of the Tertiary and Mesozoic formations in England were each dis- 
tinguished by a peculiar assemblage of organic remains, and that they could be 
arranged or distinguished in correct vertical succession merely by the knowledge 
of their fossil contents. Smith produced an excellent geological map of the large 
tract of country he had examined, and the work of this, the “ Father of English 
Geology ”, laid the foundation of stratigraphical geology, in England at least. 

Of these great attacks made on the academic outlook, that of Lamarck was 
particularly telling. He was outspoken where Buffon, as it were, was apologetic ; 
he was the ardent supporter of the principle of successive and continuous advance 
in complexity of organic structure and awareness, whereas Cuvier invoked a 
succession of great world catastrophes to account for the breaks in the geological 
record. The Uniformitarians, however, who carried the splendid conception 
of Hutton and Lamarck to extremes, failed to recognise any marked variation 
from present earth activities on the part of past agencies ; moreover, they failed 
to see why fossils of the higher types of life such as those living today should 
not be found in the most ancient rocks. Lyell (1797-1876) was the leader of 
this school, one far behind that of his great predecessor Lamarck. The clearing 
up of this tangle, in 1859, by Darwin was far later than the times with which 
we are here dealing. 

Some of the greatest hammer blows dealt against the image revered by the 
conservative geologists of the Neptunian School were those by Leopold von 
Buch (1774-1863), the most promising pupil of Werner himself, and the “ most 
accomplished geologist in Europe ”. fhill of zeal for the teachings of his master, 
Werner, he travelled to various European areas to prove their validity. In 
Italy and the Auvergne areas, however, he was converted to the views of 
Desmarest and Guettard. In Norway he foimd granitoids actually intruding 
the sediments. Years afterwards, he — whom Humboldt described as the 
greatest geologist of his day — visited the British Isles, travelling on foot, to 
examine the various geological sections for which Britain was famed. His whole 
wardrobe on this trip is said to have consisted of an ordinary suit, surmounted 
by an overcoat (whose large pockets were filled with papers and geological 
instruments), one shirt, a handkerchief, one pair of socks, one pair of boots. 
When necessity demanded, and opportunity offered, for a clean-up he would 
wash the shirt and socks and wait round for them to dry. 

As a result of the observations made by von Buch on these travels, the 
doctrine of the Plutonists came rapidly to the front. Finally the influence of 
the observations recorded by Smith, Hutton and others led to such grave distrust, 
in England, of the irresponsible speculations of the traditional school, that 
in 1807 the Geological Society of London was founded, its avowed intention 
being to make records of observations actually and carefully conducted in the 
field. 

With the emphasis thus placed upon field work, geological science made 
rapid and great advancement. Murchison (1792-1871) mapped the folded 
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geological complex of south Wales, and introduced the term Silurian about 
1836 as a distinctive mark for a definite large division of geological time. Sedg- 
wick (1786-1873) contemporaneously applied the term Cambrian to a still more 
complicated rock group in north Wales underlying Murchison’s Silurian. It was 
not till a generation later (1879) that Lapworth proposed the term Ordovician 
to include the upper beds of Sedgwick’s Cambrian, together with the lower 
beds of Murchison’s Silurian. Again, it was as late as 1839 that Murchison and 
Sedgwick gave the name Devonian to a distinctive group of rocks immediately 
overlying the Silurian, and it was as late as 1841 that Murchison gave the name 
Permian to the world. Logan (1798-1876) at a period somewhat later than 
1842 discovered rock formations unconformably underlying the Cambrian. 
Darwin’s Origin of Species was published much later even than the discovery 
of gold and the founding of the first grand geological survey, in Australia. 

At a time, then, when the origin, structure and even the position in time, 
of the great geological complexes of regions such as Cornwall, Devon, Wales, 
the Lake District of England, Scotland, France, Germany, Italy and other 
countries were still unknown, the early explorers of Australia were conducting 
their geographical and geological observations. 

These notes serve not as apologies for the apparent scrappiness of the 
geological notes by the explorers, but as indications rather of the geographical 
and geological insight possessed by many of them, even though they had not the 
opportunity — ^in far-off Australia — of becoming acquainted readily with the 
advances that were being made in mining, stratigraphical, and structural 
geology in the northern hemisphere. They had to rely mainly upon the 
geological information which they had acquired before arriving in Australia, 
together with their own undoubted powers of observation. 

Part II. State Geological Surveys and the Austrauan 

Universities. 

It was the discovery of gold and other valuable materials in commercial 
quantities which led, in very great measure, to the founding of the State Geological 
Surveys and the Australian Universities. Gold had been discovered in New 
South Wales by McBrien in 1823, by Strzelecki in 1839, by W. B. Clarke in 1841 — 
who also had announced the presence of tin in 1849 — and, in payable quantities, 
in 1851, by B. H. Hargreaves (1816-1891). Thereafter the search for it and for 
other valuable minerals had proceeded with incredible speed. Prospectors had 
flocked into this great unknown land of Australia from all points of the compass. 
Every class of country indifferently had been examined by them. It mattered 
not whether it was the harsh broken face of the Australian Alps, swept by 
frequent raging storms ; whether the profound gorges dissecting the far-stretching 
tablelands of the eastern States ; the interlacing jungles of the coastal tropics 
and of the west coast of Tasmania with their desolating insect pests ; the fever- 
stricken rivers and swamps of the far north ; the irregular slopes leading to the 
interior of the continent ; the drought-stricken interior itself, with its heat, 
desiccation and barrenness ; all these strange and forbidding regions alike had 
been attacked by the hardy pioneers in their feverish hunger for gold. Enormous 
wealth, even in 1851, had been extracted from many places in Victoria, both 
from alluvial and “ reef ” gold, and it became increasingly apparent to the 
governments of the day that the growing complexities of the legal, economic, 
social and scientific situations which had arisen should be faced courageously 
and settled satisfactorily. Much more apparently was needed than the part 
already played by Strzelecki, Clarke and Hargreaves. Strzelecki himself, in 
1846, had advocated strongly the founding of a geological survey by the govern- 
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m^t. W. B. Clarke also had persistently advocated the formation an 
official geological survey. 

Following on their urgent representations came the appointment of official 
surveys in New South Wales and Victoria, while, considerably later, the State 
surveys of Queensland, South Australia, Tasmania and Western Australia 
came into being. 

The need for instruction in geological principles was met, in part, by the 
founding of the State Universities. Lectures commenced at Sydney University 
in 1852, Melbourne 1855, Adelaide 1876, Tasmania 1892, Queensland 1911 and 
Western Australia 1913. 

It may now be of interest briefly to trace the procedure observed in the 
establishment and conduct of these institutions. We may commence with 
the New South Wales survey. 

New South Wales. Count Strzelecki’s recommendation to form an official 
survey was associated with Clarke’s unceasing advocacy. This led to repre- 
sentations being made to the British Government. Sir Charles Augustus Fitzroy, 
the State Governor, in March, 1849, petitioned the Bight Honourable Earl 
Grey : “I am desirous of bringing under your Lordship’s notice the expediency 
of causing a Mineral and Geological Survey to be made of the colony in order to 
determine the mineral resources which it may possess. The subject has 
extensively engaged the public attention for several years past in consequence 
of the great success which has attended the opening of some of the copper mines 
in the adjoining colony of South Australia. . . .in order to show the probability 
that if the country were examined by a competent geologist. .. .valuable 
metalliferous ores would be discovered, which would not fail to add greatly to 
the resources of the colony, extensively to benefit the land fund, and thus to 
open out a new field for British immigration. ...” 

The urgency was recognised by the Home Government, and Sir Henry 
de la Beche, Director of the British Survey, was asked to nominate a suitable 
person. The salary suggested was £600-£700 a year. 

J. Beete Jukes was recommended by reason of his knowledge of Australian 
geology ; he declined the offer. William Bristow was then recommended at a 
salary of £600 a year ; he accepted, but resigned later because of “ certain 
family matters ”. 

Lord Grey thereupon corresponded again with de la Beche : “ Lord Grey 
would be glad if you should be enabled to secure the services of some properly 
qualified person, but as so long a time has elapsed since the Governor of the 
Colony expressed his anxiety on the subject, I am to add that it will be indis- 
pensable that anyone selected for the duty should engage to start without 
delay ”. 

Samuel Stutchbury was recommended, and the conditions of appointment 
left Mr. Stutchbury free to determine the work to be done and the order in which 
the survey should be conducted, with the exception that the known mineral- 
bearing areas were to be examined first, and these were indicated for his guidance. 
Quarterly reports and accompanying maps were to be furnished indicating 
the structure of the areas examined. Specimens wore to be provided for the 
Australian Museum, a portion of the Northern Wing of which had been completed 
in 1849. The equipment was “ to consist of two men, a spring cart, two horses, 
harness, two saddles, and two bridles ”. Stutchbury arrived in New South 
Wales in 1850, and spent two years, approximately, in company with Hargreaves, 
investigating the gold discoveries. Later on he reported on the Ipswich Coal 
Measures, Queensland being then in the colony of New South Wales. 

Stutchbury resigned in 1855. Jack and Etheridge stated that his work 
is not so well known as it should be, and that he was one of the “ three worthy 
pioneers in Australian geology ”. Mr. W. Keene, Examiner of Coal Fields, 



THE HEEOIC PEEIOD OF GEOLOGICAL WORK IN AUSTRALIA. 


107 


“ oontiaued, in a certain sense, the geological survey, but the actual advancement 
in our knowledge of stratigraphical geology and palaeontology is due to the 
Bev. W. B. Clarke, and to him alone ” (Tate). 

In 1873 C. S. Wilkinson became Geological Surveyor, and in 1876 the 
Mines Department was reorganised with Wilkinson as head of the new Geological 
Survey Branch, a position which he held till his death in 1891. In 1891 E. F. 
Pittman became Government Geologist. A prominent senior member of that 
survey was J. E. Came, who joined the survey in 1879 and became Government 
Geologist in later years. To Came is due the credit of initiating the idea of 
the excellent “ Mineral Besources ” Series. T. W. E. David joined the survey 
as Geological Surveyor in 1882. 

In 1880 the Department of Mines issued the first geological map of New 
South Wales (based on the original map of the late W. B. Clarke). 

Victoria, The geology of Victoria was little more than a blank till 1853. 
Mitchell, Strzelecki and Jukes had made valuable notes, but these were either 
misunderstood or ignored. Then came the discoveries of gold in the State in 
1851, causing considerable embarrassment to Lieutenant Governor Latrobe, 
because of lack of competent advice “ respecting gold in Victoria ”. 

As a result of Latrobe ’s representations a Geological Survey was appointed 
in 1862 under the ilirection of A. B. C. Selwyn, “ one of the ablest of the staff of 
the Geological Survey of Great Britain ”. Associated with him were C. D’Oyley 
H. Aplin, Bichard Daintree, C. S. Wilkinson, G. II. F. Ulrich, Norman Taylor, 
H. y. L. Brown, B. A. F. Murray, B. Etheridge and E. J. Dunn, all field geologists. 
F. McCoy, Professor of Natural History in the University of Melbourne, was 
appointed pateontologist, while Cosmo Newb(;rry was chief analyst. The 
work accomplished by this survey, until its close in 1869, was, perhaps, unsur- 
passed in quality by any survey in existence. Through its efforts insight was 
gained rapidly into the geological structure of Victoria generally, and an area, 
exceeding 3,500 square miles, was surveyed geologically in detail and illustrated 
by means of 66 excellent maps, each including an area of 54 square miles. These 
maps were reproduced on a scale of two inches to a mile. In 1863 a general 
sketch map was published at eight miles to an inch. This was reproduced in 
1867 to a reduced scale. The Silurian, Ui)per and Lower Ordovician (known 
then as Lower Silurian, the terra Ordovician not being employed till 1879) 
were recognised, and their mutual boundaries surveyed ; the Middle Devonian, 
Upper Devonian and “ Carboniferous ” were recognised and surveyed ; while 
the coal measures of the Cape Otway and Western Port districts were classified 
as Jurassic. These determinations have stood the test of time, but the work 
on the Permian and the Tertiary has been modified definitely ; these determina- 
tions, however, were not due to errors on the part of the field officers, but to 
mistaken identifications by the palaeontologists. 

This geological survey, “ one of the most complete ever organised ” according 
to Tate, was disbanded in 1869. Selwyn became Director of the Geological 
Survey of Canada, while other members of his excellent staff went to various 
States — ^Daintree and Aplin to Queensland, Wilkinson, Etheridge and Pittman 
to New South Wales, Ulrich to New Zealand, Dunn to South Africa, Brown to 
Western and South Australia. 

In 1871 the need for a continuance of the survey was felt keenly, and it 
was resumed under Brough Smyth, who was succeeded by J. Couchman, the 
Secretary for Mines, as Smyth had been before him. Field work was continued 
by F. Kraus4, B. A. F. Murray and Norman Taylor, with A. W. Howitt as 
Gold Fields Warden, and W. Nicholas. During this period geological maps, 
together with the reports, of the principal gold fields, were published, while 
a sketch map of Australia was issued departmentally by Smyth. 
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In the beginning of 1878 the survey was discontinued again, but was 
resumed later, Murray alone being apx>ointed. In 1887 James Stirling was 
appointed in charge of the survey. No organised surveying had been carried 
out since 1877. In 1889, however, A. W. Howitt became Secretary of Mines. 
He had become well and honourably known by his outstanding geological work 
in eastern Victoria. 

Queensland. The State of Queensland remained as a part of New South 
Wales until 1859, and the earlier official geological work was conducted by 
Stutchbury and Clarke. In 1868 C. D’Oyley H. Aplin was appointed Geologist 
to southern Queensland, and Daintree Geologist to northern Queensland ; 
Daintree and Aplin had been senior members of Selwyn’s staff in Victoria. Aplin 
relinquished his position in 1870, while Daintree, in 1871, went to London in charge 
of the Queensland mineral exhibits at the 1872 exhibition. Daintree accomplished 
much for Queensland geology. He outlined the geology of the State in the 
Quarterly Journal of the Geological Society of London for 1872, illustrating 
his report with a sketch map. He relegated much of the Silurian of previous 
observers to the Middle Devonian ; he recognised the Coal Measures of northern 
Queensland as “ Carboniferous ” (Permian) ; the coal containing Toeniopteris 
was referred to the Mesozoic ; the Ipswich coal was grouped with the Jmassie, 
and so on. His work is considered as substantially correct today, subject to 
the raising of some of his Devonian into the Carboniferous and to the relegation 
of the Desert Sandstone to the Upper Cretaceous. 

A. C. Gregory, who had been Surveyor-General for Queensland, was 
appointed Geologist for southern Queensland in 1875. He carried out valuable 
work on the southern coal fields. 

E. L. Jack, who had served for ten years on the Scottish Geological Survey, 
was appointed Geologist for northern Queensland. Upon the retirement of 
Gregory in 1879, he became head of the survey for the whole of Queensland. 
Bands joined the staff in 1883, and Maitland in 1888. 

The publication of the “ Geology and Palaeontology of Queensland ” in 
1892 by Jack and Etheridge was a valuable contribution to the geological 
knowledge of Australia. As Tate says, “ It stands unrivalled for its rich stores 
of information and for its methodical arrangement, tracing as it does the various 
steps in the growth of our knowledge, and giving credit to each previous observer 
who had contributed to its history ”. 

Western Australia. Active mining operations in Australia, as mentioned 
above, date from 1842, when lead and copper mines were first discovered and 
worked at Wanerenooka, in the coastal strip about three hundred miles northerly 
from Perth. Dr. Ferdinand von Sommer was employed as the official geologist 
during the period 1847-1849. He examined the Victoria, Toodyay, York and 
Mt. Barren districts. 

After the expiry of von Sommer’s term of office, there ensued an interval 
of twenty-one years, during which excellent geological observations were made 
by the explorers A. C. and P. T. Gregory. 

H. Y. Lyell Brown was Government Geologist from 1870 to 1872. In 
addition to the preparation of three geological maps and ten reports. Brown’s 
advice led to the discovery of artesian water a few miles south-east of Perth. 

Nine years after Brown’s retirement, B. T. Hardman, of the Geological 
Survey of Ireland, became Government Geologist. He was the pioneer geological 
observer for the far north of Western Australia, and his work in the State was 
confined mainly to the “ Kimberley District, upon which he issued two 
voluminous reports illustrated with a series of geological maps ”. His field 
work, carried out ^ring 1882-1884, “ laid the foundation of our knowledge of 
the geology of the Komberley district ”. Hardman returned to the Irish Survey 
in 1885. 
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In 1887 H. P. Woodward, who had served upwards of three years with 
H. Y. L. Brown, was appointed Government Geologist, a position which he held 
until 1895. In 1894 he published a geological map of the State. 

In 1896 the Survey, as at present constituted, was created, with A. G. 
Maitland in charge, who had received an excellent training, from 1888 onwards, 
in Queensland, under E. L. Jack. Maitland’s work in Western Australia, 
conducted under conditions of extreme hardship and danger, entitles him to a 
place among the great pioneers. 

South Australia. This State for many years remained without an organised 
geological survey. Sturt had acted in an honorary capacity, and urged the 
need of scientific prospecting for valuable minerals ; indeed, during the whole 
of his great exploring trip of 1844-1846 to find the centre of the continent he 
sought assiduously to discover minerals of commercial value. In 1844 the 
copper of Burra Burra had been found, while Sturt himself was in the Broken 
Hfil district, having just missed the great “ Lode ” only by a few miles, his 
actual route crossing what is now Piesse’s Knob and the Stephen’s Creek Reservoir 
a little to the north-east. 

Selwyn, in 1859-1860, while examining the greater Adelaide area, had 
discovered a glaciated pavement without, however, determining its age. The 
rock formations of the large district examined inclined him to believe that 
they might “ be grouped under three distinct and unconformable formations ”. 

In 1864 E. H. Hargreaves conducted extensive trips in the State in search 
of workable gold deposits. Somewhat later (1872) Ulrich reported on the 
mineral resources of the country lying to the north of Port Augusta. In 1882 
Tate described the geology and botany of the i^orthern Territory, which was 
then part of South Australia, and in the same year H. Y. L. Brown became 
Government Geologist of the State, retiring in 1912. Skeats says of this pioneer. 
His were the first geological observations placed on record with regard to 
many of the remote regions of the interior. Many of his journeys were under- 
taken with only an Afghan camel driver for a companion and under conditions 
of severe hardship. His written reports were very brief, but his great contribu- 
tion lay in the preparation of maps, notably the geological map of South Australia, 
published in 1899. No geologist has commanded, to a greater degree than 
H. Y. L. Brown, the confidence and respect of all sections of the community — 
from the governments that were guided by his recommendations to the individual 
prospectors who looked to him for advice, and who still treasure the memory 
of his words of encouragement.” 

Tasmania. The official Geological Survey of Tasmania is a product almost 
entirely of the present century. W. H. Twelvetrees was appointed Government 
Geologist and Chief Inspector of Mines in 1899, and Director of the Geological 
Survey from 1914 to 1918. 

Geological work, previous to Twelvetrees’ appointment, appears to have 
been conducted mainly by R. M. Johnston (1845-1918). Johnston was not 
the official geologist of Tasmania, being employed officially as Government 
Statistician and Registrar-General from 1881-1918, but, as opportunity offered, 
he laboured hard as a field geologist, and produced a magnificent volumt^, “ The 
Geology of Tasmania ”, of 408 quarto pages, in 1888. 

G. A. Waller was Assistant Government Geologist in 1901, and continued 
as such till 1904. Waller contributed much to the knowledge gained concerning 
the stratigraphy of the Lower Palaeozoic rocks of the West Coast area, and he 
applied modern methods in approaching the complex mining problems of 
Tasmania. He was succeeded by L. K. Ward (1907-1911) and by L. L. Water- 
house (1912-1916). The names of these later workers are included here because 
of the excellent results obtained by them, working under very great disabilities. 
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occasioned not only by the complexity of the geol<^cal problems involved, 
but in great measure also by the excessively rugged and mountainous nature of 
the topography, together with the exceptionaUy severe and harsh climatic 
conditions experienced. 

The Universities. Mention is made here only of the Universities of Sydney, 
Melbourne and Adelaide ; the Universities of the remaining States not being 
considered as having been founded within the Heroic Period of Australian 
geological work. 

The University of Sydney was opened for classes in 1862, but the subject 
of geology was not included in the curriculum until 1866, when A. M. Thomson 
was appointed Header in Geology and Mineralogy and Professor in 1870. He 
was succeeded in 1872 by A. Liversidge, whose main interests, however, lay in 
the realms of chemistry and mineralogy. W. J. Stephens, in 1882, became 
Professor of Natural History and Lecturer in Physical Geography and Geology. 
In 1891 T. W. E. David, who previously had been the Senior Geological Surveyor 
on the staff of the Geological Survey of New South Wales, was appointed to the 
Chair of Geology. 

The real advance effected in geology up to 1872 was not due to university 
effort, but to W. B. Clarke, working officially with the Government but 
unofficially with the University and with scientific societies. From 1872 onwards 
splendid progress was made under Liversidge, Clarke, Wilkinson and David. 
Science in Australia owes more to the herculean efforts of these workers than 
is generally known. In season and out of season, Clarke urged the value of 
field geology, of education in geological principles, and the value of scientific 
societies. Liversidge, in addition to his lectures and research work, was an 
ardent supporter, with Clarke, of scientific institutions such as the Royal Society. 
He was the prime mover and guiding spirit both in founding and carrying on 
the Australian and New Zealand Association for the Advancement of Science, 
becoming president in 1898 of that Association. Wilkinson maintained the 
grand traditions of the Victorian survey imder Selwyn. David, besides being an 
enthusiastic field geologist, was, in common with Clarke, Liversidge and 
Wilkinson, a true friend of science generally. Science in Australia found in 
him one of its greatest champions. Geology was his special choice, but during 
all his official life he strove for the attainment of three objectives, namely to 
understand the geological history of Australia, to inculcate a love for science 
generally in the public mind, to remove the disabilities under which science 
generally, and scientists individually, laboured in Australia. He was president 
of the A.N.Z.A.A.S. in 1904 and 1914. 

The University of Melbourne began lectures in 1866. F. McCoy, the 
Professor of Natural Science, was one of the four foundation professors ; he 
was a trained palaeontologist before arriving at Melbourne University. In 
1844 he had published his “ Synopsis of the Carboniferous Limestone Fossils of 
Ireland ” and in 1846 he had issued a “ Synopsis of the Silurian Fossils of 
Ireland ”. On arriving at Melbourne, he found that he was expected to attend 
to the interests of comparative anatomy, botany, chemistry, geology, mineralogy 
and palaeontology. For a period exceeding forty years he did lecture on, at 
least, botany, geology, palaeontology and zoology. He was awarded the 
Murchison Medal of the Geological Society of London in 1879. As Palaeontologist 
to the Geological Survey of Victoria he was of great assistance to Selwyn ’s 
Geological Survey of Victoria. McCoy also advanced the cause of science in 
Victoria by foundffig and directing the Museum of Natural History and Gteology 
in Melbourne. Adffitional references to his work are made later under the 
head of The Permian Problem. 
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The University of Adelaide commenced lectures in 1876, with R. Tate 
as the Elder Professor of Natural Science. Tate previously had distinguished 
himself as a botanist, geologist and palaeontologist, and had been awarded the 
Murchison Medal of the Geological Society of London as far back as 1874. He 
became one of AustraUa’s foremost geologists and botanists. His name is 
inseparably connected with many of the excellent publications on the Tertiary 
and Recent marine fauna of South Australia and Victoria. He was the first to 
discover Cambrian rocks in South Australia (1879) besides proving definitely 
the occurrence, in that State, of great areas of Pre-Cambrian rocks. Ho worked 
enthusiastically for science generally, taking a leading part in founding the 
Adelaide Philosophical Society and the Royal Society of South Australia. 
He was President of the Australasian Association for the Advancement of 
Science in 1893. His presidential address on the occasion of his inauguration 
was a summary — a magnificent contribution — of geological progress in Australia 
from 1788 to 1893. 

Part III. Some Geological Pioneers hitherto Inadequately 

Recognised. 

In the “ David Lecture ” of 1933, to the Royal Society of New South 
Wales, E. W. Skeats satisfied, in great measure, a long-felt want by assembling 
summary statements concerning the work and personalities of “ Some Founders 
of Australian Geology ”. To this publication the reader is referred for informa- 
tion concerning the majority of the pioneer geologists of Australia. There 
are a few others, however, whose names do not figure in the list given by Skeats, 
but whose work appears to entitle them to individual recognition. A few 
notes also additional to those furnished by Skeats are supplied on individual 
workers in other portions of this lecture. These remarks, dealing with recognised 
pioneers, apply particularly to 0. Sturt, W. B. Clarke, F. McCoy, A. C. Gregory, 
R. Tate and T. W. E. David and are purely supplementary to those of Skeats. 
The list following contains the name of no person living with the exception of 
A. G. Maitland and, in one instance alone, is mention made therein of any 
worker whose Australian work commenced as late as 1900. The exceptional 
instance is that of J. W. Gregory, who had had a long and distinguished career 
as geologist and writer before following McCoy as Professor of G(iology at Mel- 
bourne University. The names of these workers are Peron, Stokes, Howchin, 
Dunn, Came, Maitland and J. W. Gregory. 

Francois Peron. The French expedition to Australia, under Nicolas Baudin 
(1800-1804), was contemporaneous with the great marine survey of Australia 
under the leadership of Matthew Flinders. Peron was the senior zoologist 
and the author of the narrative of Baudin’s expedition. He added much to the 
previous knowledge of the geography and geology of the continent. He pointed 
out the similar appearance of the southern, western and north-western coastal 
districts. He noted the various schists of ancient appearance on Kangaroo 
Island and on the King Islands, together with the covering of the Kangaroo 
Island primitives by fossil-bearing limestone. He perceived the significance 
of the raised marine Tertiaries along the southern coastal areas of the continent, 
and he mentioned the basal nature of the granitoids and altered sediments 
occurring in certain portions of the southern coast. “ Few geologists have been 
more in advance of their age, or have suffered so long an undeserved oblivion 
as Pdron.” 

Ad. John Lort Stokes. The third voyage of The Beagle occupied the period 
1837-1843. The narrative of the long voyage was written by Stokes, who had 
been in charge of the expedition following on the illness of Captain Wickham. 
A considerable amount of geological insight is exhibited, especially in that 
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portion of his report conoeming the capping of the primitive rocks of south- 
western Australia by young rook formations only ; the gra^tic nature of the 
Darling Bange; the horizonti^y-bedded sandstone formations overlying the 
slaty rock of the Arnhem Land plateau ; the cover of flnely-textured sandstones 
to the old rocks in the Port Darwin area, and so on. 

Walter Howohin was born at Norwich, England, in 1845, but did not arrive 
in South Australia until 1881. As a youth he was attracted to the study of 
geology, and he resigned his position as a clergyman in 1880, devoting his energies 
thenceforward to the study of geology. He was appointed Lecturer in Mineralogy 
at the South Australian School of Mines in 1899, and Lecturer in Geology and 
Palaeontology in the University of Adelaide in 1902, holding that position till 
1918, when he received the status of Professor of Geology. In 1920 he retired 
with the title of Professor Emeritus. 

Howchin made notable observations on the Cambrian formations of South 
Australia, and on the history of glacial epochs in South Australia during Permian 
and late Pre-Cambrian time. His work was recognised outside his own State ; 
among other recognitions he received the Clarke Memorial Medal of the Boyal 
Society of New South Wales in 1907, the Mueller Medal of the Australian 
Association for the Advancement of Science in 1913, and the Lyell Modal of the 
Geological Society of London in 1934. 

Edward John Dunn was born at Bristol, England, in 1844. He joined 
the Geological Survey of Victoria in 1864, and received field training imder the 
able leadership of G. H. F. Ulrich until the disbanding of the survey in 1869. 
He then became Government Geologist of Cape Colony, holding that position 
during the period 1871-1886. While in that position he carried out the first 
detailed geological survey in Cape Colony. In 1904 he was appointed Director 
of the Geological Survey of Victoria, a position which he held until 1912. 

Dunn wrote extensively on the significance of past glaciations, on the 
significance of pebbles, and so on. To him we are deeply indebted for the 
admirable portrayals we possess of the personalities and work of the men who 
formed Selwyn’s survey, that survey which Dunn quotes as being “ one of the 
most complete geological surveys ever organised, except, perhaps, that of -the 
United States Territories, under Dr. F. V. Haydon ” (Q.J.O.8., Vol. 35, Pres. 
Add. 52). In recognition of Dunn’s contributions to geological knowledge he was 
awarded the Murchison Medal of the Geological Society of London in 1906. 

Joseph Edmund Came (1865-1922) was born at Melbourne. He was the 
second son of Joseph William Came, of Appin and Biverina, and the grandson 
of Capt. T. C. Came of Truro, Cornwall, England, who landed in Australia in 
1814 as a lieutenant in the 46th Begiment. Capt. Came married Mary Broughton, 
daughter of Commissary Broughton of the first fieet, who was bom in Sydney 
in 1793. 

The Came family name is well known in Cornwall, particularly in the area 
between St. Columb Minor, near Newquay, and Truro. It is of interest that the 
most outstanding authority and writer on Cornish geology and mining, during 
the first half of the nineteenth century, was Joseph Came of Penzance. 

Came’s early ways were spent in the Biverina, western New South Wales, 
and Queensland. The family interests were mainly pastoral. In 1879, whilst 
droving cattle from DenUiquin to the Diamentina and Cooper Bivers, he con- 
tracted “ sandy blight ” in so severe a form as to threaten him with loss of 
sight. Almost blind, he set out for Sydney for treatment, riding 270 miles on 
horseback to pick up the coach, from Himgerford to Bourke, thence to Sydney by 
rail. Although he recovered his sight, it was permanently affected. He had 
become interested in geology, and wMe undergoing treatment for his eye trouble, 
he was appointed personal assistant, in 1879, to C. S. Wilkinson, the State 
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Government Geologist. He prepared a geological and mining exhibit for the 
Sydney International Exhibition in 1879, and for the Melbourne Centennial 
Exhibition in 1881. This exhibit was displayed in the Palace Exhibition 
building in the Sydney Botanic Gardens until the fire of 1882. The salvaged 
portion of the exhibit formed the nucleus of the Mining and Geological Museum 
which was then started in the Outer Domain with Came as Curator. During 
his period in this office he personally took charge of mining and geological 
exhibits at the New Zealand and South Seas Exhibition of 1889 and the Inter- 
national Exhibition of London in 1890. 

In 1892 he was appointed Geological Surveyor in the Department of Mines, 
New South Wales, and took charge of exhibits in the World’s Columbian 
Exposition at Chicago. Much of this exhibit is still at Cliicago. In 1902 he 
became Assistant Government Geologist, and in 1916 Government Geologist, 
of New South Wales, until he reached retiring age in 1919. 

Early in 1912 he examined Papua for the Commonwealth Government, 
and reported on the prospects of various coal and mineral oil occurrences in the 
Fly, Kikori and Came River districts. He included inspections of oil-bearing 
country in Java, Borneo and other islands during this inv(*8tigation. In this 
work he contracted a severe form of malaria, from the effects of which he never 
fully recovered. 

In 1920 he was awanled the Clarke Memorial Medal of the Royal Society of 
Now South Wales. He was primarily responsible for the publications, by the 
Geological Survey of New Sooth Wales, known as “ Mineral Resources ”, to 
which he himself made a number of notable and widely-sought contributions, 
including those known as the Copper, Tin, Kerosene-Shale, and Western Coal- 
Field Memoirs. 

Came was one of the most conscientious, honourable and industrious of the 
pioneers. He was twice married, his first wife being Louisa McArthur of 
Norwood, Goulbura, whom he married in 1882, his second Clara Hudson, of 
Croydon, New South Wales, in 1895, who survives him. H<i had five sons and 
two daughters, all of whom are living. 

Andrew Oibb Maitland was born on November 30th, 1864, at Huddersfield, 
England. His father was George Maitland, of Aberdeen, Scotland. 

Maitland arrived in Australia in 1888 to take up the position of Assistant 
Government Geologist in the Geological Survey of Queensland under R. L. 
Jack. This position he held during the period 1888-1896. In 1891 his services 
were loaned to the British Government to accompany Sir William MacGregor 
in his explorations of New Guinea. He made valuable reports on the raised 
coral reefs and other geological features of New Guinea. He was appointed 
Government Geologist of Western Australia in 1896, a position which he held 
till 1926. 

Maitland’s work, in great measure, partook of the nature of exploration. 
He examined the various Western Australian gold fields in their pioneer stages, 
expermncing their hardships and dangers ; in 1901 he accompanied Brockman’s 
expedition, commencing at Wyndham and traversing the wild Kimberley 
Division. 

Maitland was awarded the Clarke Memorial Medal of the Royal Society of 
New South Wales in 1927, the Mueller Memorial Medal of the Australasian 
Association for the Advancement of Science in 1924, the Kelvin Memorial Medal 
of the Royal Society of Western Australia in 1937, and he also received the 
great honour of honorary membership of the Royal Society of New South Wales. 

John Walter Gregory was bom in London in 1864. Before coming to Australia 
he had been an explorer, geologist and journalist of note. In 1900 he succeeded 
McCoy as Professor of Geology at Melbourne University. This position he held 
until 1904, vacating it to become Professor of Geology at the Glasgow University. 
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Qrogory was awarded the coveted Bigsby Medal of the Geolo|[ical Society of 
London, bestowed only upon men under 45 years of age. He was the author of 
The Great Rift VaUey (AMca) and The Dead Heart of Australia. 

The npl&King influence which he exerted upon his students, both in Melbourne 
and in Glasgow, was very marked. It was considered a privilege by bis students 
to accompany him on his very long excursions. The students, for example, 
who visited and examined the Lake Eyre Basin with him in the height of one 
bad summer speak with admiration of his gifts of leadership. The writer 
remembers also, with keen appreciation, a trip to the central highlands of 
Scotland with him and his senior students in the midwinter of 1909 during a 
record snowstorm. He appeared to possess a magnetic influence on students 
generally. One of his Australian students informed the writer “ Gregory did 
not appear to think about discipline, his lectures were so interesting that the 
students’ attention was fixed the whole time, afraid lest some of the lecture might 
be missed ”. 

Some of his geological conclusions concerning the geology of Australia, 
particularly the nature of the water content of the Great Artesian Basin, together 
with the metamorphosed Ordovician complex of Victoria, have been subjected to 
correction by later field work, but his many su^estive inferences usually pro- 
voked keen discussion and led to interest being taken in the study of various 
problems. He accomplished excellent physiographical work in Victoria. Thus 
he perceived that the plateaux of the State represent a peneplain raised 
differentially and profoundly dissected by stream action in relatively recent 
geological time. He was not only an enthusiastic geographer, but also an 
explorer seeking to fathom the secrets of Lake Eyre, of Central Africa, of the 
eastern Himalaya, and of the Andes at the head of the Amazon. He was 
drowned in an attempt to pass the dreaded Pongo de Mainique, in the profound 
cafion of the Urnbamba, one of the headwaters of the Amazon. 

Part IV. Some Major Problems in Australian Geology. 

1. The Permian Problem. 

2. Glaciation in Australia. 

3. Physiographic Problems. 

4. The Building of Australia. 

1. The Permian Problem. 

The study of tlie Permian, with its complicated stratigraphical, biological, 
glacial and structural aspects, has proved one of the most fascinating of the 
geological problems which Australia has to offer. 

In the early days of Australian geology the Permian, as a definite geological 
period, was not known to exist, and the controversy dealing with the points 
concerned in its history centred mainly round the question as to which beds 
should be referred to the Carboniferous and which to the Mesozoic ; later 
discussions (from 1849 onwards) sought to ascertain which portions of the coal 
measures of Newcastle and Illawarra, and their associates, were Permian and 
wMch Carboniferous, the Mesozoic possibilities being excluded. A later phase 
centred round the relation exhibited by certain highly folded rocks to others 
having a sub-horizontal attitude, and yet each apparently possessing fossil 
contents of Permian age. 

Interest was directed first to these rocks by reason of their economic 
importance, seeing that the coal measures of the Sydney-Newcastle-Illawarra- 
Blue Mountains area were included in the formations. Bass, in 1797, had 
described these coal measures as having probably the structure of a large basin. 
The question of their age does not appear to have aroused much interest at 
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the time. The Permian, it will be remembered, was not recognised as a definite 
geological period until 1841. Even the Cambrian, the Silurian and the Devonian 
were not recognised as former definitive world-ranging activities until the 
period 1835-1^9, and it was probable that Bass considered the coal of the 
Greater Sydney Area to be coeval with the Carboniferous of England. 

The first serious attempt, apparently to determine the age of the formations 
containing these coal measures, was in 1821, when Dean Buckland, from specimens 
forwarded to him, appears to have considered the coal measures of the lUawarra- 
Newcastle area to be practically contemporaneous with the Palaeozoic coal 
measures of England, that is. Carboniferous. Archdeacon Scott, in 1824, agreed 
with Buckland’s determination of age for the Newcastle Coal Measures. 

It will be remembered that Strzelecki in 1846 had attempted a classification 
of the rock systems of New South Wales, those of his first epoch comprising 
the plutonics and the altered sediments of the mountain axes ; the second 
epoch comprising sandstones, shales, slates and limestone resting on the earlier 
axial formations and containing the first records of life, presumably Carboniferous, 
with still older forms ; his third epoch being that in which the Newcastle Coal 
Measures had been deposited ; the fourth, during which the Blue Mountains 
sandstones, the river gravels, the raised beaches, and so on, were deposited. 
Strzelexjki considered the coal measures under consideration to be younger than 
the beds immediately underlsdng them and containing marine fossils. 

Morris’s examinations (1845) led him to relegate the plants obtained from 
the Newcastle Coal Measures to the Jurassic, and the associated marine beds 
possibly to the Carboniferous. 

Long before this, however (1828), plant remains from the Newcastle Coal 
Measures had been examined by Alexandre Brongniart. Among them he had 
found some very peculiar forms to which he had given the names Olossopteris 
{Browniana), Oangamopteris and PhyUotheca (australis). With these new forms 
were others named Vertebraria. Olossopteris was considered to be a type of 
fern possessing a midrib with lateral venation therefrom, repeatedly anasto- 
mosing. Vertebraria was referred later to the rhizomes of Olossopteris. Oanga- 
mopteris was allied to Olossopteris, and at first was believed to possess no marked 
midrib. Now this Olossopteris group had not been found in the Culm (Carbon- 
iferous) flora, and to workers such as McCoy it suggested definite affinities 
with Mesozoic types. 

McCoy now entered the discussion. Long before his arrival in Australia, 
this distinguished palaeontologist had become interested in the problem of the 
age of the Newcastle and Illawarra Coal Measures, for, in 1848 (Brit. Ass. Adv. 
Sci., 1847), he had described “ seventeen fossil plants and eighty-three Mollusca ” 
(Tate) from these formations. The plant remains were referred by him to the 
Oolitic group, with the note that there was no trace “ of any characteristic fossil 
of the old coal of Europe or America ”. The associated fossil shells he referred 
to the Carboniferous. 

The next serious approach to the problem was by another outsider, namely 
Dana, who in 1849 suggested a Permian age for the Newcastle and Illawarra 
coals. He, however, grouped both the coal and the marine rocks underlying 
the coal, together with the sandstones and shales lying above the coal in the 
Sydney and Blue Mountain areas, as one great Carboniferous formation. This 
confusion, or rather inclusion, of the Triassic sandstones with the underlying 
coal measures was only natural by reason of the apparent conformity of the 
two great groups, and by the failure, for many years, to find fossil traces in the 
conformable Mesozoic group. 

Jukes and Stutchbury contributed to the discussion in 1850. Jukes main- 
tained that the coal measures and the marines were of the same age, namely 
Carboniferous. Stutchbury found Lepidodendron in beds underlsdng these. 

jj 
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The diBcussion thus occasioned concerning the age of the coal measures 
of Newcastle and Illawarra was carried on for years, and the matter is of such 
historic interest that a quotation from the Pr^idential Address to the Boyal 
Society of Victoria in 1861 — and apparently not at all well known today — ^by 
Sir Henry Barkly (1861) is justified by reason of the simplicity and breadth 
of its presentation : 

The coal measures of New South Wales, of Tasmania, and, no doubt, of Victoria also, 
rest upon a stratum of sandstone rock, containing marine shells and corals, of descriptions similar 
to those found in the mountain limestone on which the ancient carboniferous formations of Great 
Britain repose ; but, on the other hand, the beds of shale, in which the seams of workable coal 
are inters^rsed, ex^bit fossil plants widely differing from those of the British coal measures, 
although it happens, strangely enough, that the remains of the true carboniferous flora are still 
found in various parts of Australia, but not yet, 1 believe, in conjimction with coal. 

Notwithstanding this discrepancy, the Rev. W. B. Clarke has always held that the plant 
beds of the Hunter River coalfield, are of nearly the same age as the underlying beds with animal 
fossils, and that neither are of more recent origin than the close of the first great epoch of ancient 
life on our earth, termed by geologists the Palaeozoic period. 

Professor McCoy, on the contrary, published his opinion, long before coming to this colony, 
that a vast geologiocJ interval elapsed between the deposition of the marine remains and the 
ferns and cycadeous plants above them, and argued that the latter so closely resembled the species 
found in the Oolitic or secondary coal of York^ire that they must (together with nearly identical 
forms from the coalfields of India) be referred to the same group, or second division, of the 
Mesozoic or middle age of life. 

** This opinion has been adopted by most of the leading geologists of the day, but that of 
Mr. Clarke has, nevertheless, been supported by some distinguished authorities, including Mr. 
Jukes, now local director of the Geological Survey of Ireland, Professor Dana of the Imited 
States Exploring Expedition, Dr. Hochstetter of the Austricui Exploring Expedition, Dr. 
Joseph Hooker, the eminent botanist, and Dr. Oldham, the Director of the Geological Survey of 
India, all of whom, however, pin their faith on my reverend friend’s announcement that he has, 
in oeHain instances, obtained the spiriferse, productss, and other true carboniferous shells, from 
beds situated above those which contain the fossil plants in dispute. 

'' Were this one fact ascertcdned beyond the possibility of error, and proved not to be due 
to the accidental contortion or dislocation to which strata have sometimes been subjected, the 
question would be at an end ; and so desirable do 1 regard it for the progress of geological science 
especially in AustrcJia «id India, that it should be settled without loss of time, that, were our 
Government Geologist possessed of more leisure, 1 should long since have urged his being 
despatched to New South Wales to make a special investigation on the spot, as he formerly did in 
Tasmania, where he established the position of this same plant-bearing scmdstone as l^ing in 
every cc^e above the clay in which the pachydomous shells are there embedded. 

** Failing this, I am in hopes, from what Sir William Denison told me, of procuring a report 
on this subject from Mr. Keene, the inspector of coal fields in New South Wales, who is engag^ in 
investigating the stratigraphical succession of these deposits. 

Meanwhile the controversy has been revived, and carried on with much ability on both 
sides, in consequence of the discovery, a few months ago, in our own Cape Patterson coal fields, 
of a fossil fern, of a kind called, from its fancied resemblance to a wreath, Ttmiopteria, a genus 
classed by palesontologists among those typical of the Oolitic formation, so that its presence 
strengthens the previous inference as to our coal being of that age.” 

It will be interesting now briefly to set against this the field evidence 
submitted by Olarke ; evidence, however, apparently not convincing to McCoy 
and others. 

As opportunity had offered during the period 1843-1861, Clarke had been 
examining the Stony Creek (Maitland or Greta) Coal Measures, with the idea of 
ascertaining their economic possibilities and their age. His report of 1861 
(Clarke, 1861-64) shows the Maitland or Greta Coal Measures as forming a 
large anticline or dome, the measures being both overlain and underlain, con- ' 
formably by marine be^, the upper marine beds in turn being succeeded con- 
formably by the Newcastle Coal Measures. On the north-west side of Hai^ur’s 
TTill the dip of the beds (Maitland Measures) is reversed and falls in that direction 
towards Black Creek. . . .No. 2 gives the horizontal section from Maitland to 
Anvil Creek, in which the coal seMns of Stony Creek and of the falls to Black 
Creek are shown in reverse order, proving that they really belong to the succession 
of the beds in which they occur.” 
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Claorke appears to have traced these lower coal measures for some miles 
both on the eastern and western slopes of Harpur’s Hill. 

In his mention of the organic remains he states that : “ From West Maitland 
and two miles further (East Maitland) to about two and a half miles towards 
Lochinvar, the whole country is occupied by a succession of beds of sandstone, 
grit and calcareous concretionary rock, full of fossils of PalsBozoic age, such as 
Spirifers, Prodticti, ComUarioe, Orthoceratites, Asteriadce, Pachydomi, Murydesmee, 
Fenesteliee, BeUerophon, etc., which are exposed in the cuttings, and in quarries, 
and on surface blocks ” (p. 28). He discusses the relation of the “ Mulberring 
Creek ” and the Muree “ conglomerate ” beds to the coal measures. His point 
about the Paheozoic age of the lower coal measures thus appears clear both from 
the text and from his section. Again quoting : “It will be seen from the 

above that about Maitland, the Four I^e Creek and GreenhUl coal seams of 

the Newcastle basin are separated from the Stony Creek coal by the Palaeozoic 

fossiliferous beds for nearly twenty years I have been working out the 

details of the country in question ” (p. 30). 

Incidentally he refers to the economic aspect. “ The coal is partly canncl, 
partly spUnt, and soft coal. They appear to be about equal in gas ; the canncl 
bums to a white ash, the others to a brown ash. The specific gravity of the 
large seam I make 1.281. The coal in the corresponding seam on the north-west 
side of the anticlinal is nearly the same. The coal is worked on the dip for about 
thirty yards, and it is sold at the pit’s mouth at lls. a ton ’’ (p. 31). 

It is to be noted that Clarke referred to these coal measures and the associated 
marine beds as belonging to the Carboniferous. He does not refer to them as 
being Permian, not even in his 1866 and 1870 reports. 

McCoy did not appear to have been convinced even by Clarke’s clear 
statement of 1861, mentioned above, and he returns to the attack in his Presi- 
dential Address to the Boyal Society of Victoria in 1864, wherein he stated that 
Daintree had endeavoured to compose the points in dispute between Clarke and 
himself concerning the geological age of the Newcastle coal, for Daintree’s 
remarks had led him to consider that Clarke “ in making his original collections 
for determination had mixed together the fossils of the upper and lower beds ’’. 
McCoy reported also that Keene was collecting the material “ anew with 
scrap^ous care ’’. The result of Keene’s field work was announced in 1866. 
He considered the Coal Measures of Newcastle to be as old as those of the 
Paheozoic of Europe. 

In 1866 Daintree and Wilkinson described the Bacchus Marsh tillite and 
considered it to be Carboniferous in age, but the influence of McCoy prevented 
general acceptance of their views. 

In 1866 Clarke’s field work enabled him to classify the coal measures and 
the associated marine rocks in descending order as : 

Upper Coal Measures. 

Upper Marine Beds. 

Lower Coal Measures. 

Lower Marine Beds (with Palaeozoic plants). 

In 1878 he placed the Hawkesbury beds in the Triassic. 

In 1872 Daintree described Glossopteris and Phyllotheca with Palaeozoic 
marine fossils in Queensland. 

In 1880 Wilkinson, Government Geologist of New South Wales since 1873, 
applied the term Permian to the Upper Coal Measures and the term Carboniferous 
to the lower beds (Ann. Bept. Dept. Mines, 1879, p. 216). At this time he 
discovered glacial formations in the Upper Marine. About this time also he 
attempted a correlation of the coal exposed in the many prospecting pits dotting 
the Greta coal seam for miles. This correlation, he informs us, he effected by 
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means of the associated Greta Conglomerate which, by its resistant nature, 
provided a prominent outcrop. During the year 1884 he summed up his 
important work on the Greta Measures thus : “It will be seen that the Greta 
seams are the lowest of the series in this district, and that their present outcrop 
at the surface is due to the denudation of a great anticline caused by the irruption 
of the diorite near Lochinvar 

Wilkinson, however, owing to the exigencies of routine administration, 
felt unable to complete the necessary field work on this highly important economic 
structure, and he entrusted T. W. E. David, Geological Surveyor, with the task of 
mapping the structure in detail. David’s survey was begun about the end of 
May, 1886, and the results of his prospecting work — ^in the vicinity of a mass 
of loose coal blocks reported by Tester, a local resident — ^were so promising that 
by early July a reserve of 23,700 acres was made over the structure by the 
State Government, on Wilkinson’s recommendation. This deviation into the 
field of economics appears justifiable because it is just the economic importance 
of the coal itself which has enabled us to gain so great a knowledge of the Permian 
period in Australia. These observations of Clarke, carried on by Wilkinson, 
and completed by David, dispelled all doubts as to the Upper Paleozoic age of 
the Goal Measures. David’s detailed survey of the Hunter Biver coal field 
gave the world a magnificent picture of the Australian Permian. 

The occurrence of beds containing RhacopteHs, Lepidodendron and associated 
Carboniferous plant remains beneath the Upper Marine division of the so-called 
Permian, however, raised the question as to the upper limit of the Carboniferous 
and the downward extension of the Permian. Etheridge, in 1880, had proposed 
to group the Queensland coal measures and associated marine beds — ^ of the 
same age as the ITewcastle-Maitland beds — as Permo-Carboniferous, and in 
1892 Jack and Etheridge (Geology of Queensland, p. 71) applied the term Permo- 
Carboniferous to the whole of the similar formations of New South Wales and 
Queensland. 

At the beginning of David’s survey of the Hunter Valley coal field, the 
coal measures and the associated marine beds were generally referred to, therefore, 
as the Permo-Carboniferous ; David’s survey, however, suggested that a series 
of sediments, named the Lochinvar beds, constituted the basal portion of this 
group. 

In 1914 the lower limit of the Lochinvar beds in the Hunter Biver Valley 
was accepted as the base of the Permo-Carboniferous in eastern Australia. 
David drew attention also to the term Permo-Carboniferous as being unnecessary, 
inasmuch as, in his opinion, the strata above the base of the Lochinvar beds 
should be included in the Permian. 

Complexity here again entered into the problem. Wilkinson, by reason of 
his training in 1866, with Daintree, on the ancient glacial deposits of Victoria, 
had discovered, in 1884, evidences of glacial action in the Upper Marine bed 
of the Hunter Biver area. Oldham, Director of the Indian Geological Survey, 
had visited Australia in 1885, and not only had confirmed Wilkinson in his 
glacial determinations, but in addition had foimd an ice-scratched boulder in the 
formation. Evidences of glaciation were found also in the Lower Marine beds. 
It had seemed fairly easy to locate the lower limit of the Permian, but when 
Sussmilch reported the occurrence of glacial beds in formations containing plant 
fragments strongly suggestive of the northern hemisphere Ciilm flora, and when, 
somewhat later, W. B. Browne found a grand sequence of sediments — at Winder’s 
Hill near Lochinvar — containing definite Carboniferous (Aneimites, etc.) plants 
overlying tillites and varves, but all underlying the Lower Marine formations, 
the vexed question of what was Permian and what Carboniferous was raised 
again, inasmuch as it appeared highly improbaUe that glacial beds should 



THE HEROIC PEMOD OP GEOLOGICAL WOEK IN AUSTRALU. 119 

be found in contiguous members of two great periods such as the Carboniferous 
and the Permian. 

As the result of this discovery, David placed the dividing line between 
the Carboniferous and the Permian about 2,500 feet, stratigraphically, above the 
base of his earlier measurements. The base of the Permian, as thus defined, 
consisted of a coarse conglomerate containing abundant remains of Eurydesma 
oordatum. 

David, however, in 1923, returned to his earlier classification, placing the 
separation of Permian from Carboniferous “ at the point where, at Lochinvar, 
the soft shales of the Lower Marine Series (Permian) are replaced by the harder 
rocks of the Kuttung ”. This conclusion was supported by the work of W. E. 
Browne and W. S. Dim, who in 1924 recorded Eurydesma hobartense from the 
Lochinvar beds, these in turn resting directly upon the Kuttung (Lower 
Carboniferous). 

C. Schuchert, of the United States, proposed to solve the difificulty by 
raising the glacial beds from the Kuttung and placing them in the Permian. 
The acceptance of this suggestion, however, would have raised a still greater 
difficulty, namely an apparent confusion of the Culm and Olossopteris floras in 
Australia. A. B. Walkom, with his knowledge of the Ehaeopteris and Olossopteris- 
Qangamopteris types, pointed out, in 1929, that he “ from comparisons of the 
fossil floras ”, placed the base of the Permian in the position originally suggested 
by David, that is at the base of the Lower Marine Series. Attention was also 
drawn by Walkom to a point needing careful consideration in matters such as 
those under discussion, namely “ the greater importance of the first prominent 
appearance of a new flora (or fauna) in the determination of age than the presence 
of the last lingering representatives of an earlier one ”. 

In 1930 David proposed the name “ Kamilaroi System ” for the “ strata 
in the type district of the Hunter from the top of the Newcastle (Upper) Coal 
Measures to the base of the Lochinvar glacial beds ”. 

Walkom’s work indicates a lower Carboniferous age for the Bhacopfrris 
beds with the Permian resting (directly on this lower Carboniferous). 

Such is the present position of one aspect of the Permian problem. That 
portion of the problem dealing with the Permian geosyncUne, the sources of 
the strata, the foreland and the folding is considered later, under 4. 

2. Problems of Glaciation. 

The glacial history of Australia possesses a peculiar interest. Australia 
itself contains no glaciers today, and only within very limited areas is it subject 
to snowfalls, nevertheless it apparently possesses an absolute wealth of glacial 
relics in formations belonging to periods as mdely separated in time as the Upper 
Pre-Cambrian, the Carboniferous, the Permian, the Cretaceous and the 
Pleistocene. The grand Pre-Cambrian glacial deposits of Broken Hill are so 
spectacular as to have aroused the interest of Sturt as far back as 1844, and he 
was puzzled to afford any rational explanation of these, to him, extraordinary 
occurrences. Sturt’s difficulty, however, was but natural, because fossil tills, 
up to that time, had not been recognised in any country. Indeed, belief in the 
existence of fossil tills or of ancient glacial periods would have been contrary to 
all accepted religious and geological traditions, as well as to all recognised 
principles of solar and terrestrial physics. 

Glacial traces, in ancient sediments of Australia, were, however, recognised 
shortly after Louis Agassiz had explained the origin of the widespread Pleistocene 
till of Europe. In 1859 Selwyn — ^who had received an admirable training in 
field geology on the British Geological Survey and was consequently qualified 
to form a valuable opinion on glacial occurrences — ^recorded the existence of a 
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fine glaciated pavement in ancient rocks in South Australia, but he does not 
appear to have determined the age of the glacial activity producing this feature. 

W. B. Clarke in 1860 had noted many signs of glacial action in Becent time 
in the Kosciusko region. The evidence relied on by him in his determination 
was the existence of perched blocks, morainic material, and so on. The still 
more obvious evidences of glacial action such as cirques, rock basins, spur cutting, 
aligned spur bases and associated forms were not known in his time to have 
been the result of ice action. 

In 1866 Daintree and Wilkinson placed on record the evidence for the 
existence of ancient glacial deposits in Victoria containing many large erratics, 
together with “ grooved pebbles In their published note the age of the 
deposits is not stated definitely, but E. J. Dunn, in a written communication, 
informed the writer that Daintree, personally, was convinced of their Palssozoic 
(Permian) age but that the failure to convince McCoy led him, with Wilkinson, 
to the following compromise : “As the Lower Mesozoic age of these beds has 
been assumed by Professor McCoy on the European analogies of the only distinct 
fossil in them — ■Qomgamopteris longifoUm — and as Oloasopteris, another Mesozoic 
type in Europe, has been foimd in New South Wales and northern Queensland 
distinctly associated with Carboniferous fossils, it may not be asking too much to 
suspend judgment in this case a little longer ”. 

Balph Tate, immediately after his appointment (1876) to the Chair of 
Geology in Adelaide, commenced to make field observations and already in 
1877, among other important finds, he had detected a glaciated pavement, 
associated with glacial beds, at Hallet’s Cove, South Australia. Selwyn’s 
discovery of 1869, stated above, was at Inman Valley. Tate, however, even as 
late as 1893, appears to have considered his pavement to be of late Tertiary age, 
for he wrote of it : “ We may congratulate ourselves that a Post-Miocene glacial 
period occupies an unassailable place in the geological history of Australia 

E. L. Jack in 1879 reported the existence of a Permian tillite in the Bowen 
Biver coal field of Queensland. This find aroused great interest, as it was 
considered a remarkable thing for great glacial deposits to be found in the 
tropics. 

B. M. Johnston in 1884 described a Permian tillite from Tasmania, while 
C. S, Wilkinson in the same year described a glacial deposit in the Upper Marine 
Series of the Maitland district in New South Wales. 

B. von Lendenfeldt in 1886 reported evidences of Becent glaciation on the 
Kosciusko Plateau of New South Wales. Apparently he had little or no know- 
ledge of the fact that Clarke had announced a Pleistocene glaciation there 
twenty-five years earlier. In 1894 this region was visited by E. Helms, who, 
unaware probably of the work of Clarke and Lendenfeldt, published an account 
of the evidence there of glaciation in Becent time. 

Another important stage was reached in 1893, when E. J. Dunn recognised 
Permian and Becent glacial deposits in association on the west coast of Tasmania. 

In 1896 T. W. E. David summarised the observations to date on glacial 
action in Australia. 

In 1899 a considerable number of ice-scratched pebbles were found in the 
Lower Marine of Maitland. About that time also splendid examples of scratched 
pebbles were obtained from the Permian of northern Tasmania. 

In 1901 David and Pittman visited Kosciusko and confirmed the observa- 
tions of the earlier workers between 1860 and 1900. 

Then came the announcement of the occurrence of tillite in ancient rocks at 
Sturt’s Gorge near Adelaide by W. Howchin. Howchin described the age as 
Lower Cambrian, but the general concensus of opinion today is that it is Upper 
Pre-Cambrian in age. About 1912 Mawson described other grand exposures of 
Pre-Cambrian tiUites in the Broken Hill district. These, by the way, were the 
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deposits which had so strongly impressed Sturt by their appearance, but had 
baffled him in searching for an explanation of their origin in 1844. 

In 1920 Sussmilch described the occurrence of glacial deposits, including 
varves, in the Carboniferous sediments in the Hunter Eiver district of New 
South Wales. 

A further advance was made when, in 3921, many traces of apparent 
Cretaceous glaciation were observed in the Lake Eyre region and when, in 1928, 
ice-scratched boulders of the Upper Pre-Cambrian tillite were found re-distributed 
by Cretaceous ice action north of Broken Hill and near the Queensland border. 

3. The Physiographic Problem. 

It would seem that, in all departments of scientific research, it is commonly 
the broad features which escape notice, or which fail to be comprehended until a 
vast amount of detailed information has been obtained dealing with matters 
pertaining to the subject but of subordinate importance. It is as though the 
grander features are missed until one takes a general, or bird’s eye view, as it 
were, of any great subject. As a simple illustration, one may fail to see the 
name of a large map simply by approaching it closely in order to read the names 
of local or subordinate features. In the same way, such apparently simple 
facts as space, time, matter and life are among the most difficult subjects to 
comprehend. And geology itself has not escaped this handicap, for it is only 
the other day, so to speak, that the nature, origin and age of the main topographic 
features of any large territory have been imderstood to any degree at all approach- 
ing that which has attended the study of the rock structure, the mineral 
composition, ore genesis, palaeontology and so on, within that territory. 

It may help us to appreciate this difficulty in geology if we make an approach 
by considering the topography of the hinterland of the Sydney and Melbourne 
areas. These are not only the areas of greatest and densest population, but 
they are those also which have been settled the longest in Australia. As such 
it would be natural to expect that the origin and age of the main topographic 
features, in these two large populous and important districts, would have 
received closer attention and would have been perceived more readily than the 
complicated details of mineralogy, stratigraphy, buried structures and 
palaeontology of the areas. Yet what are the facts ? We have seen Bass hinting 
at the sub-structure of the Greater Sydney Coal Basin, even as far back as 1797, 
nevertheless on the other hand we have seen geologists practically to the present 
century entertaining the belief that the plateaux behind are as old as the rocks 
of which they are composed. 

As a sample of this backwardness in physiographic perception, let us 
consider first the ideas held imtil recently concerning the nature and age of the 
hill forms constituting the hinterland of Melbourne. Even as late as 1907 
one of the leaders of geological thought in Australia wrote : “ The high bank 
to the west of Bacchus Marsh, 1,000 feet in height, up which the train climbs 
on its way from Melbourne to Ballarat, is one of the oldest, well-preserved 
valley walls in the world. It was carved out by river erosion in Silurian times. 
It was in existence before the material of which most of the Alps are built had 
been laid down in the seas of central Europe. It was old before the first bird 
or mammal, or reptile, had been bom upon the earth. That old valley wall 
remained long hidden beneath sheets of sand, gravel and clay ... It has again 
been protected by a cascade of molten lava that poured over its edge from the 
volcanoes of the plateau ...” 

Visiting geologists, from New South Wales, about the same time (1907) 
had considered the scarp, however, to be a monocline, intermpted by faults, 
and probably only late Pliocene in age at the most, seeing that the overlying 
Tertiary basalts appear to have been subjected to the activity which produced 
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the scarp. The dissection itself wsa considered to be due to closing Pliocene 
or to Pleistocene action. On the other hand some of the British delegates to 
the 1914 meeting of the British Association for the Advancement of Science 
in Australia preferred to accept the old traditional explanation, as quoted above, 
to the revolutionising idea of a closing Tertiary to Pleistocene age for the scarp. 
Fenner’s later report was an excellent application of modem physiographical 
principles to this area, and it came as a wholesome corrective to the older outworn 
explanation. 

The physiographical features of the Greater Sydney district may be taken 
as our second instance. This is a more intricate area to unravel than the 
Melbourne hinterland. Leaving Sydney as a centre, one may travel south or 
west, passing successively across belts of Wianamatta Shale, Hawkesbury 
Sandstone, Narrabeen Beds, Upper Coal Measures (Permian), Upper Marine, 
Devonian, Silurian and Ordovician sediments. Eegarded from the physio- 
graphic viewpoint, however, one passes southward and westward over a con- 
tinuous and ascending slope or surface of slight angular value — deeply trenched 
and dissected in places, interrupted by breaks and warps in others — ^for very 
many miles. A very interesting feature is that each of the main formations 
mentioned above appears successively to rise, and end insensibly, against this 
great coextensive surface. The casual traveller experiences great difficulty 
in attempting to determine where the Hawkesbury beds give place to Narrabeen 
and Narrabeen to Permian. Even during the present century, senior geologists 
were accustomed to maintain that this extensive and co-extensive surface 
marked the upper limit of a great plain of accumulation. This, however, was 
seen to be fallacious, inasmuch as the surface itself was continuous and co- 
extensive, whereas each great formation successively encountered in the widening 
ring of older formations was seen to be acutely transected by it and, moreover, 
the sections exposed in the profound ravines revealed the fact that the angular 
value of the surface slope, in the non-dissected portions of the plateau, was less 
than the dip of the successively transected strata. 

Here then there is a grand surface cutting alike through Ordovician, Silurian, 
Devonian, Permian and Triassic formations. Evidently the activity which 
produced this surface must be younger than the great rock formations it trans- 
gresses, even the youngest of them, namely the Triassic. Moreover, Tertiary 
basalts had flooded the surface in its earlier stages of construction, and these 
basalts in turn have been worn down in great measure by the activity which 
has given the magnificent outlines to the vast plateau surface itself. A belief 
that this plateau, or upland plain, surface is a post-basaltic, probably a closing 
Tertiary, feature thus forced itself upon the attention of open-minded workers. 

As observations were extended, the idea dawned gradually upon observers 
that the plateau areas of Sydney and Melbourne, and their hinterlands, represent 
the differential uplift of low-lying plain-like areas to which erosion had reduced 
the youngest or latest of the local mountain systems. It was seen that the 
actual age of the plateau surfaces was undoubtedly great, but that its geological 
age was certainly young, the uplift, although accomplished only in many stages, 
nevertheless falling apparently within very late Tertiary time. The amount of 
dissection which the plateau has suffered, as evidenced by the profound ravines 
traversing it, evoked feelings within us thus of respect, and even reverence, for 
the duration even of Pleistocene time. Consequently we now regard with 
profound veneration those much greater divisions of time which preceded the 
Pleistocene and the late Pliocene. 

Here another point of great interest became manifest. The plateaux of 
New England and of the great southern tablelands of New South Wales, together 
with their continuation as the plateaux and high plains of Victoria, were noted 
to be portions merely of the one great surface or peneplain, of erosion which 
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extended throughout eastern Austrah'a, including the Sydney and Melbourne 
areas mentioned above. There are workers still alive who can remember the 
familiar statements about Kosciusko, “ the roof of Australia ”, being one of the 
oldest mountains on the earth, and that the Kew England plateau was as old, 
approximately, as the folded rocks whose structures terminated abruptly against 
it. The writer has a lively recollection of a strong criticism which was directed, 
by an eminent senior in science, against a statement which he, the writer, had 
proposed to include in an official publication by the State Department of Mines on 
the Hillgrove Gold Field. The proposed inclusion to which strong objection was 
taken was that the valleys of the Macleay Eiver were declared therein to be 
youthful, whereas according to the criticism they were in reality very old, even 
geologically, because of the immense depths of the ravines excavated by the 
Macleay headwaters, suggestive of the great age of the rocks in which the valleys, 
upstream of the canon heads had been excavated. 

The appreciation of this physiographic principle has enabled us to see 
that the whole block of eastern Australia has moved as a structural unit, as a 
great slowly-moving earth undulation with broad and rolling crest, one whose 
main axial direction has changed from time to time. Nevertheless, even with 
these great advances we are far from possessing complete knowledge of our 
physiographic problems. We have made a good beginning, but we know very 
little of the details of the long-drawn-out story of successive peneplanation, 
differential uplift, upland valley erosion, revivals of uplift, wanderings of major 
axes of uplift and ravine formation. On the other hand we have the satisfaction 
of knowing that we arc moving forward and that already we are far ahead of 
the stage when men conceived the granitoids as being the earliest deposits from 
a very hot ocean, and the rocks possessing steep and vertical dips as being very 
early deposits also from the same scalding waters. We have even advanced 
far beyond a much later stage when the mountains were considered to be as old 
as the rocks of which they were composed. 

We may conclude with one more illustration of our physiographic advance. 
For this we cite our advance in the comprehension of ice action. Louis Agassiz 
and Charpentier recognised the glacial origin of the Drift of Europe one hundred 
years ago, but the cirque, the rock basin, the over-deepened valley and so on 
were not recognised generally until very recent years. Indeed, these forms 
were cited by leaders of geological thought as actual evidences of the inefficiency 
of glaciers as erosive agents. The writer remembers, in 1909, being assured by 
one of the leading British geologists that one had only to visit Italy and Switzer- 
land to note how glaciers stagnate just at the places where glaciaUsts have 
postulated the maximum amount of erosion ! It is no wonder, therefore, that 
Clarke, Lendenfeldt and Helms overlooked the splendid evidence of glacial 
erosion on the Kosciusko Plateau in the existence of the cirques, the rock basins 
and the facetted rock spurs. 

Australian physiography now looks forward to working out the age and 
the variable stages in the formation of the Eastralian and WestraJian peneplains, 
the age and stages of formation in the excavation therein of the later peneplain 
or upland valley forms ; the age and cause of the differential and successive 
uplifting which resulted in the great Eastralian Plateau. The problem of the 
antecedence and superposition of streams also calls for solution. 

4. The Building of Australia. 

Australian geologists find themselves confronted by the question : Whence 
were derived the enormous thicknesses of Ordovician, Silurian and other sedi- 
ments in Australia ? It seems evident that, in very great measure, they have 
been derived from the erosion of associated land masses. What then was the 
nature of the lands from which they were derived? Were they mountain 
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xmgeB resulting from one elevation only? Were they subject to oft- 
repeated and fluctuating uplift, such as seems to have been the exp^ence of 
existing mountain ranges 1 Were the axes of elevation of these feeding lands 
stable during recrudescences of uplift — ^assuming such to have occurred — or 
did they wander? What structural relations did the basins, which received 
the sediments, bear to the feeding lands themselves ? If the main axes of the 
geanticlines wandered, did those also of the associated basins ? What activities 
brought about the great variations in width and depth of individual formations 
such as those of the PalSBozoic ? In which direction did the great formations 
thin away or disappear ? In which directions did the folding thrusts move f 
Have we indications of the existence of ancient forelands and borderlands in 
Australia? 

These and many related questions press for answer today. The harvest 
is great, but the real workers are few. Australia is 3,000,000 square miles, 
approximately, in area, and probably not much more than one per cent. (30,000 
square mUes) has been surveyed geologically with the same amount of detail 
and accuracy as the 3,500 square mUes mapped during the period 1854-1869 
by Selwyn’s survey. The utmost one can expect to accomplish today in the 
matter of generalisation is to assemble such isolated scraps of field information 
'«8 are available and infer therefrom the location and nature of the Australian 
forelands, borderlands, geosynclines, geanticlines, deltas, directions of thrusting, 
and so on. 

The result may well be philosophical rather than eminently scientific, 
because of the lack of detailed field observations. Nevertheless, it should form 
a valuable, even if very open and patchy, framework for the guidance of workers 
in the matter of principles at least. 

As illustrations of the difficult problems ahead for Australian workers, it 
may be helpful to take first a passing glance at the Permian, then at Ordovician, 
Silurian and Devonian problems. 

Permian. The historical notes on the recognition of the Permian and its 
vertical limits have already been considered ; the remarks at this stage are 
confined to its areal extent and its structure. Geologists for many years have 
studied the great Permian formations of Australia with their peculiar Olossopteris 
and invertebrate contents, their coal measures, their spectacular glacial contents 
and other interesting characteristics. 

It so happened that the earlier main attacks on the Permian problem were 
made in the northern portion of the Main Coal Province of New South Wales. 
Those who conducted the notable field work there included Clarke (1843-1870), 
Keene (1864-70), Wilkin son (1880-90) and David (1886-1934). From the field 
work of Clarke the Permian was seen to comprise four great divisions, all con- 
formable, but representing alternating marine and terrestrial conditions. The 
trough receiving the Lower Marine was limited in length and width ; the 
succeeding Greta Coal Measures, with its “ conglomerate ” beds overlapped the 
Marine in part, the coal seams themselves being discontinuous. The Upper 
Marine overlapi>ed the Greta markedly, and the Upper Coal Measures transgressed 
the Upper Marine in turn definitely in places. Near Maitland the Permian beds 
are domed, but the excellent work of Jones suggests that the dome itself is a 
structure of long standing (Jones, 1939), inasmuch as the sediments appear to 
thicken with distance from it as a centre, suggesting that the dome itself had 
been growing during the deposition of the Permian. Some observers had 
pictured the sediments as being derived from a mountain range to the west 
and south-west, while post-Permian movements had been considered to be of a 
mild order only, affecting Permian and Triassic practically alike, and resulting 
in the formation of a simple basin structure with gentle dip, the uppermost coal 
formations thereby rising about 3,000 feet above sea level in a distance of sixty 
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miles to the west, 1,000 feet above sea level about forty miles to the south, and 
sinking to 3,000 feet below sea level at Sydney near the centre of the basin, the 
rise northwards being somewhat less than that to the south and west. 

Another stage, however, in the Permian problem was reached about the 
year 1905, when marine fossils, found in New England — ^to the north of the 
Hunter VaUey — ^were described as Permian forms. The held notes accompanying 
the collections indicated that the sediments from which the fossils had been 
obtained had suffered from strong folding and plutonic intrusive action. These 
field notes were not accepted generally for years apparently, because work in 
the classic area of the Permian had not permitted a picture to be formed there 
of folding and plutonic intrusive phenomena in the Permian. A compromise 
was reached later when the accuracy of the field notes was admitted, with the 
proviso, however, that these conditions applied only to a very small area. At a 
later stage, in the more eastern portions of Queensland — and particularly clearly 
stated by J. A. Beid — the Permian was observed to have been strongly folded 
and intruded ; it was noted also that the folding phenomena appeared to die 
away in a westerly direction, such that the western, or marginal, formations 
had been gently warped only. Moreover, the arrangement, suppression and 
t hinning of beds in the western exposures indicated that the sediments had been 
derived from an easterly source. The picture given by this later work was of a 
geosyncline, with mobile geanticline lying to the east, the more pronounced 
sinking action occurring near the geanticline, the foreland lying to the west. 
Marine and terrestrial conditions alternated ; the geosyncline may well have 
been double, with a central as well as an eastern geanticline ; folding was 
accompanied by plutonic intrusions with folding directed from the geanticline 
area ; the folding affected the eastern Permian sediments strongly, the intensity 
of movement dying away towards the western foreland. 

Upper Pre-Cambrian and Lower Palceozoic. Upper Pre-Cambrian rocks 
with sub-horizontal attitude are recorded over great areas of northern and 
south-western Australia. Formations of this age are widely spread over north 
Australia, whereas they occur as thin formations only on the northern portion 
of the great south-western block. These beds are neither horizontal nor 
uniformly dipping ; they present rather a gently undulating appearance, 
suggesting the initiation only of folding. This phenomenon appears to be 
characteristic of so-called sub-hoiizontal formations generally. On the north 
Australian shield these gently undulating Upper Pre-Cambrian beds, together 
with others belonging to the Cambrian and Ordovician, overlie the ancient 
Pre-Cambrian unconformably. AH three are conformable with each other, 
the whole presenting the general appearance of undisturbed strata. Cambrian 
and Ordovician with these negligible dips are not recorded from the great south- 
western block, except perhaps as narrow bands dying away rapidly to the south. 
Their arrangement is such as to suggest that they were deposited in areas of 
shallow marine flooding, the sea retreating to the east. This vast extent of 
sub-horizontal, or gently undulating sediments, however, is broken abruptly 
along two grand curves, namely the Kimberley Arc, extending with convexity 
directed southward, from Cambridge Gulf to King’s Sound via the Ord and 
Fitzroy Eiver drainages, and the Greater Macdonnell Ranges Arc and its natural 
extensions westerly. 

In the Kimberley Are the Upper Pre-Cambrian and the Cambrian are 
strongly folded, the folds dying away in gentle undulations on the ancient 
blocks or forelands around. In the great east and west sweep of the Macdonnell 
area, so well described by Madigan, the Upper Pre-Cambrian, the Cambrian, the 
Ordovician and the (?) Silurian have been strongly folded with a general grand 
east and west strike, the folds dying away towards the ancient resistant blocks 
north and south, especially south. 
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The whole airangement of the sediments suggests a general retreat eastwards 
of marine conditions in Australia after Ordovician or Silurian time. 

The Greater Broken Hid area as shown by Mawson, Tate, Howchin and 
others consists of an ancient shield overlain by Upper Pre-Cambrian and younger 
rocks, which have a peculiar interest when they are considered in connection 
with the sediments lying to the west and east. Thus the ancient rocks of the 
Mount Lofty and Flinders Banges are overlaid by great thicknesses of Upper 
Pre-Cambrian and Lower Cambrian sediments, all highly folded but unassociated 
with later Palssozoios. To the east of Broken Hill and the Darling Biver, on 
the other hand, lies a great width of Silurian and Devonian sediments, many 
thousands of feet in thickness and all highly folded. In striking contrast with 
the attitude of these Palaeozoics is that of the sediments overlying the foundation 
of Broken Hill area itself. Here Upper Pre-Cambrian rocks, gently imdulating 
or only moderately folded, overlie portions of the ancient foundation, whereas, 
to the east, rocks of this age are highly folded, somewhat altered, and intruded 
by plutonics. On these again rest other formations of different ages, comprising 
a great extent of conglomerates, quartzites, sandstones and so on. Ho deter- 
minative fossils have been found in these rocks, but they are believed to belong 
to the early and middle Paheozoic. 

To the east a low shield, comprising very great thicknesses of Silurian, 
Devonian, and possibly Ordovician rocks, extends approximately in a meridional 
direction for one hundred miles both north and south of Cobar. A 
metamorphosed complex, in which no fossils have been foimd, follows this closely 
to the east. The Silurian and Devonian formations of the low Cobar Shield 
contain a marked development of coarse conglomerates, grits, quartzites, 
indurated sandstones and slates. The coarser types occur especiaUy in the 
Silurian. Beyond this shield again other considerable exposures of Silurian 
and Devonian occur. The Silurian (Upper) includes conglomerates, grits, 
quartzites, sandstones, slates and limestones. The Devonian contains abundant 
quartzites, coloured shales and volcanic rocks. Beyond these again, to the 
east, there is an extensive development of Upper Ordovician and Upper Silurian, 
the latter comprising extensive coralline limestone formations, sandstones, 
slates and shales, all strongly folded and overlain unconformably by Devonian 
quartzites, sandstones, shales and volcanic rocks. In some places the Upper 
Devonian sediments of this south-eastern portion of the State are folded somewhat 
markedly, whereas in other places they are only gently folded, the underlying 
Silurian appearing to have been stabffised at an earlier period. 

Detailed mapping alone may be expected to furnish a reliable picture 
of Ordovician, Sffurian and Devonian conditions in the eastern, central and 
western divisions of Hew South Wales. The peculiar rock associations found 
at Broken Hill definitely point to it as being a foreland ; the immense thicknesses 
and marked folding of the Palaeozoic rocks of the Oobar Shield indicate the 
existence there of a mobile geosyncline, with deltas being formed therein, the 
feeding geanticline lying immediately to the east. The peculiar sediments of 
the more easterly Palaeozoic formations suggest a mobile geanticline, meridionally 
disposed, in eastern Hew South Wales, wMle the character and attitude of the 
eastern Devonian formations suggest a relative stabilisation of the eastern 
Silurian area in pre-Devonian time. 

In Victoria one notes a peculiar succession of events. The Lower Ordovician 
is of enormous width to the west of the meridian of Melbourne. Field observa- 
tions indicate the existence of an ancient and contiguous massif to the west. 
The eastern portion of the State is occupied in great measure by the Upper 
Ordovician, with mere traces only of Lower Ordovician, while the area separating 
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the two grand Ordovician formations of the State — one in the east the other 
in the west — ^is occupied by a long central trough containing Lower, Middle and 
Upper Silurian sediments, probably as much as 20,000 feet in thickness. 
Ordovician and Silurian alike are strongly folded, while great areas of the Upper 
Ordovician, in the east, have been markedly metamorphosed. 

Middle Devonian, definitely folded, occurs in the extreme east of Victoria. 
With this exception the State of Victoria, as well as the whole of Tasmania, do 
not appear to have participated in folding movements later than the Epi-Silurian. 

Eastern New South Wales and Queensland exhibit other profoundly 
instructive features, one of the most interesting of these being that of the 
Permian, already alluded to briefly. 

A distinct story of sedimentation and folding is recorded in the magnificent 
rock exposures of the peripheral area of Australia, extending almost uninter- 
ruptedly from the Lower Hunter Valley as far north as Lat. 16° S. Whereas 
the main mass of Australia west of this peripheral belt experienced only epeiro- 
genetic movements after the Epi-Devonian activity, the peripheral belt in 
question indicates a long-continued succession of rising and sinWg, of sedimenta- 
tion and folding, from the beginning of the Lower Devonian at least imtil the 
close of the Permian. 

The Devonian, Carboniferous and Permian sediments attained enormous 
thicknesses in a trough occupying the peripheral area mentioned above. This 
trough appears to have been ^vided into two sequent troughs at times. 
Thrustings from the east were strongly developed, especially during the Carbon- 
iferous and towards, as well as at, the close of the Permian. These sediments 
represent the removal, by erosion, of great mountain ranges, or of lands of 
great breadth, subject to elevation more or less frequently, for the total thickness 
recorded of Devonian, Carboniferous and Permian appears to have exceeded 
50,000 feet. The arrangement and variable thickness of the sediments suggest 
that the feeding geanticline or geanticlines lay to the east and that deltas must 
have been formed. Folding activities appear to have died away, definitely, 
to the west. 

Post-PalsBozoic activities appear to be confined to undulating movements 
of an epeirogenic nature, allowing the alternation of shallow marine and terrestrial 
conditions, especially in eastern Australia. New Zealand, with New Guinea, 
and other islands belonging to the arc surrounding northern and eastern Australia, 
apparently absorbed in great measure the imdulatory shocks which came from 
the Pacific direction during the Mesozoic and Tertiary. 

It would seem that Australia, as seen today, represents the result of the 
welding together of several ancient blocks of land (Andrews, 1937) by a process 
involving the formation of troughs and complementary geanticlines, the 
folding of the trough sediments, and the action of thrusting which proceeded 
characteristically from the geanticlinal direction and towards the stable blocks or 
forelands. The more important of these troughs include that of the Kimberley, 
the Macdonnell — ^with its earlier extension towards the Indian Ocean via the 
Oakover or neighbouring areas — the Flinders, the Ordovician and Silurian basins 
of Victoria, the Ordovician, Silurian and Devonian basins of southern and central 
New South Wales, with the Pre-Devonian, Devonian, Carboniferous and Permian 
basins occupying the peripheral area of New South Wales and Queensland 
between Lat. 33° S. and Lat. 16° S. The borderlands and geanticlines which 
furnished the enormous supplies of sediments through successive geological ages 
appear to have disappeared almost entirely. 

Later mapp ing furnish material for a fuller and more accurate picture of 
Australian growth, but the work of the pioneers is of value sufficient to indicate 
the advance summarised in this note. 
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In a previous paper (Dwyer and Nyholm, 1941), reference was made to the 
isolation of a compound RhClj . SnCls . SPhjAsMe by the addition of the arsine 
to rhodous salt solutions that had been reduced with stannous chloride. Com- 
pounds of this general type are especially interesting in view of the recent 
isolation of bridged meta&c complexes containing two different metallic atoms 
such as mercury and cadmium, or palladium and mercury (Mann and Purdie, 
1940). 

The rhodous compounds have now been investigated in detail in order to 
ascertain the function of the tin atom in the complex, and also to determine 
whether the usual coordination number of six for bivalent rhodium is operative. 
For comparative purposes a number of rhodic complexes have also been prepared. 
In all cases the compounds proved difficult to work with owing to the ease of 
elimination of the stannous halide. Indeed, owing to this fact, whereas the 
chloride compounds were ultimately isolated in a state of purity, the bromide 
and iodide compounds existed only in solution in the presence of excess stannous 
halide. Owing to dissociation into lower molecular weight fragments in solution, 
the molecular weights of all compounds were abnormally low, and the formuhe 
assigned to them are based upon the assumption that the usual coordination 
numbers of four and six are operative for tin and rhodium respectively. In 
one case, however, a satisfactory formulation required the tin to be six covalent. 

With diphenylmethylarsine two different complexes of the same empirical 
formulae, RhCl 3 . SnClg . SPh^AsMe, were isolated ; compound (I) was prepared 
by the dWjt addition of stannous chloride to tris-diphenylmethylarsine rhodous 
chloride (RhClg . 3Ph2AsMe)2. In view of the pronounced stability of these 
rhodous halide arsine complexes it is considered that the halogen bridge between 
the two rhodium atoms remained intact and two tin atoms were attached at the 
ends of the molecule. The second compound (II) was prepared by the addition 
of the arsine to a solution of rhodous chloride containing excess of stannous 
chloride. Assuming that (I) and (II) are isomeric, it would appear that (II) 
could be formulated as (Ha) or (Ilb). There does not appear to be any simple 
method of distinguishing between these alternatives but (Ila) appears the more 
likely from considerations of symmetry. Both compounds were essentially 
covalent in nature, being extremely soluble in organic media and insoluble in 
water. 

With rhodic chloride two different types of compound (III) and (IV) were 
isolated, using p-tolyldimethylarsine and diphenylmethylarsine respectively. 
Apparently dialkyl arsines tend to form compounds of type (III) exclusively, 
and diaryl arsines compounds of type (IV), since under no conditions of variation 
of the relative amounts of the constituents could any other cbmpound than 
(III) be obtained with p-tolyldimethylarsine, or than (IV) with diphenylmethyl- 
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arsine. Like the rhodous compounds they were extensively dissociated in 
solution, and by successive crystallisation from alcohol the previously desmibed 
tris arsine rhodic chlorides were easily isolated in the pure state. The com- 
pounds could be crystallised unchanged from alcohol in the presence of excess 
stannous chloride provided that the operation was performed rapidly in order 
to avoid reduction of the trivalent rhodium. 



01 Ars* Cl 




( I ) 


Cl 




Cl Ars. Cl 


( 11a ) 


^3n Sn 


( lit) ) 


Cl Ars. ^C1 Cl 

/fV / V, 

Cl Arsa Cl Are# 


( III ) 



( IV ) 

Experimental. 


Diehloro - hexahMiphenylmeihyla^ - (i - diohloro - tin - rhodium^ - (x - dichhro - dvrhodiu/m^ - 
u,*diehJk)ro-rhodiuinP (/). Tris^diphenylmethylaTsine rhodous chlori^, 0*3 g., was suspended 
in alcohol (100 mis.), stannous chloride (1 g.) was added, followed by concentrated hydrochloric 
acid (0 • 6 n^.), and the mucture reduxed. The brown crystals of the rhodous compound gradually 
dissolved to an orange solution, which was filtered whilst hot and the filtrate cooled. On the 
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addiUoa of water a yellow amorphous precipitate came down. After filtration this was washed 
with aqueous alcohol, then dilute hydrochloric acid and finally much water. The substance 
became brown at 147"^ and melted at 149^. It was readily soluble in alcohol, acetone, and benzene 
from this latter solvent it was easily precipitated with petroleum ether. 

Found: Rh, 9-65%; Sn. 10-3%; Cl, 12-97%. 

Calculated for (RhCl, . SnCls . 3Ph,AsMe)2 : Rh, 9-39%; Sn, 10*86%; Cl, 12-96%. 

DicMoro - hexakiadiphenylmethylarsine - (jt, - dicMarorhodiutnO . . tin - (x < dicMaro • di < tin * (x - 
dicMcro-Hn-rhocUuni^ (//). Rhodium trichloride solution (10 mis.) containing 0*093 g. rhodium 
was treated with sodium hydroxide in excess to form sodium rhodite, and a solution of sodium 
stannite prepared from 2*5 g. of stannous chloride added. The black precipitate of hydrated 
liiodous oxide which formed on boiling was then dissolved in sufficient concentrated hydrochloric 
acid. The dark red solution of rhodous chloride was then added to a solution of diphenylmethyl- 
arsine (0*9 g.) in alcohol (50 mis.) and concentrated hydrochloric acid (10 mis.). The mixture 
after refluxing for about thirty minutes was filtered from a small amount of black substance, 
and on the addition of water and cooling gave a yellow microcrystalline powder, m.p. 129®. 
As mentioned previously, molecular weight determinations with ]^th of the above complexes 
was unsatisfactory due to decomposition in the benzene. This decomposition was most pro- 
noimced with this latter compound ; stannous chloride gradually precipitated and the solution 
developed a pronounced odour of arsine. 

Found : Rh, 9*54% ; Sn, 10*9% ; Cl, 13*03% ; mol. wt. in benzene cryoscopic, 805. 

Calculated for (RhCl, . SnCl, . 3Ph,A8Me), : Rh, 9*39%; Sn. 10*86%; Cl, 12*96%; mol. 
wt., 2,190. 

DichUn'O-tns-p-tolyldimethylarsine-ii-dichlororhodium^^^-tin (III). Rhodium trichloride (10 mis.) 
containing 0*078 g. rhodium was treated with p-tolyldimethylarsine (0*5 g.) and hydrochloric 
acid 5N (1 ml.), and a clear solution brought about by the addition of alcohol (45 mis.). The 
solution was heated to boiling and a solution of stannous chloride (5 g.) dissolved in alcohol 
(10 mis.) added. The mixture was refluxed for five minutes, cooled, and a little water added 
until precipitation commenced. The solution was then reheated, about 20% of the alcohol 
evaporated off, and cooled. The yellow precipitate of rounded needles melted at 111® C. The 
compound could be crystallised from alcohol in the presence of stannous chloride, but dissociated 
in all solvents in the absence of tin salts. 

Found: Rh, 10*96%; Sn, 17*9%; Cl, 12*4%. 

Calculated for RhCl, . SnCl, . 3Tol . AsMe, : Rh, 10*68%; Sn, 17*9%; Cl, 12*02%. 

Tetrachloro - hexakis • diphenylmethylarsine - y. • dicMarorhodium^^^ - tin - jx - dichloro - tin - 
rhodiumJ^^ (IV). Prepared in the same manner as compound (III) above, this gave a yellow 
microcrystalline powder, m.p. 169® C. On heating with alcohol the substance became gummy, 
but ultimately dissolved to a yellow solution, which on cooling deposited a mixture of yellow 
rhombs and an amorphous powder. Recrystallisation of this product gave orange yellow crystals, 
m.p. 176-178®, which was identified as the insoluble form of tris-diphenylmethylarsine rhodicj 
chloride (Dwyer and Nyholm, 19416). The soluble form of the same compound was obtained 
from the benzene solution used in an attempt to determine the molecular weight of tris-diphenyl- 
methylarsine-stannous-rhodic chloride, (RhClg . 3Ph,AsMe)s . SnCl,. 

A great many attempts were made to prepare a compound corresponding to (III) above, 
i.e. RhCl) . SnCl| . SPh^AsMe, such as using a great excess of stannous chloride in the preparation, 
or recrystallising the compound from a saturated solution of stcmnous chloride. In all cases 
the same compound (RhCls . SPhsAsMe)^ . SnCl 2 was obtained. The pronounced dissociation 
of the compound in solution in the absence of stannous chloride, and the isolation of tris-diphenyl- 
methylarsine rhodic chloride from such solutions suggests that the required analogue of (III) 
is probably formed by dissociation, but efforts to isolate it have been unavailing. 

(RhCla . SPhjAsMe)* . SnCl* >RhCl, . SPhjAsMe+RhClj . SnCl* . 3Ph,AsMe. 

Found ; Rh, 10*0% ; Sn, 6*4% ; Cl, 13*6% ; mol. wt. cryoscopic in benzene, 961. 

Calculated for RhCls . SPhjAsMe), . SnCl* : Rh, 9*98% ; Sn, 5*73% ; Cl, 13*74% ,* mol. 
wt., 2,072. 

Analysis. The analysis for the halogen was carried out by the distillation of 0* 1 g. of the 
substance with concentrated sulphuric acid, and collecting the evolved halogen acid in standard 
silver nitrate. Rhodium and tin were estimated by fuming approximately 0 • 2 g. of the substance 
with concentrated sulphuric acid to remove the halogen and avoid loss of tin as the volatile 
stannic chloride. Solid potassium nitrate was then added, and the heating continued until all 
of the organic matter was destroyed, and the residue evaporated to dryness. It was then treated 
with 60 mis. of distilled water and boiled to hydrolyse the stannic salts. The resulting white 
precipitate of stannic oxide, basic stannic sulphate and basic stannic arsenate, was dissolved, 
after filtering, in hydrochloric acid 5N and gently boiled with 30% hypophosphorous acid. The 
brown precipitate of arsenic wets removed from the stannous chloride and excess reducing agent. 
The excess of the latter was destroyed with iodine, and the tin, after reduction with nickel shot, 
was titrated with iodine. The rhodium was estimated in the filtrate from the original tin pre- 
cipitate by reduction with alkaline hydrazine, followed by ignition in a reducing atmosphere. 
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In a previous paper (Dwyer and Nyholm, .1941a) dimeric complexes of 
rhodous haUdes with diphenylmethylarsine of the general type (BhXg . SAsBg)^ 
were described, in which the six covalency of bivalent rhodium was maintained 
by a halogen bridge. The close relationship betw(>eu coball, and rhodium in the 
trivalent state suggests a similarity in the bivalciiit st ale, in wJiich cobalt, although 
generally hexacovalent, frequently yields tetracovalent derivatives such as 
bis salicylaldoxime cobalt (Mellor anti t'raig, 1910). By using tertiary arsines as 
the coortlinating groups, this t^xpectation has not been realised with rhodous 
salts, which persistently exliibit I lie higher coordiiiatiou number. In a series 
of experiments with this tdijecl in view, with rhodic chloride and three, two, 
one and one-half mole of diphenylmt'thyl arsine, tin* same compound was 
isolated in each cast*, the lowt*r ratitis t»f arsine merely reducing the yield of 
(Bht^lg . .-IPhaAsMtdjj. 

With file dialkyl arsines dirnethyl])henylarsiut*, anti dimethyl-p-tolyl- 
arsine, however, a new type of monomtuic covalent complex BhXg . lAsBg 
has been isolat(‘d. The new complexes were extremtOy solubh*. in organic 
solvents, and evtm in petroleum ether ; all were palt* yt'llow in colour. They 
gave nt) precipitate of the silver halide with cold alcoholic silver nitratt*, whilst 
on heating a violet to purple colloidal suspt'nsion of silver formed, followed later 
by the precipitatt* of the silver halide. In soint* cases I his reaetit)n yielded a 
silver mirror. Like the etimpountls previtmsly tiescribt'tl, the new et)mpounds 
were prepared by Iht*. rt'duetitm of the rhodic compounds formed in situ with 
hypopht)si)h()rous acid. It might be mtmliouetl I hat. this is a general type t)f 
reaction and is at i»resent being used for tht* prej)aration of tlui pyridine and 
ethylene-diamine coordinat ed complexes. 

As a result of this study it is now possible to indicat.e the probable mode of 
formation of th(i various rhodous arsine complexes, and at the same time the 
persistence with which the hexacovalency of the rhodium atom is maintained. 

The rhodic complex (Dwyer and Nyholm, 19416) (I) which exists also in a 
salt-like dimeride (16), has one halogen atom removed by the reducing agent, 
and the vacant coordination position is filled with one molecule of arsine to 
yield the tetrakis arsine compound (II). In solution in (preferably) aqueous 
alcohol (II) is partly dissociated, and provided the solubility relationships are 
suitable, one arsine atom is lost, the vacant coordination position is filled by a 
halogen bridge, and compound (HI) is precipitated. This transition has been 
observed in two instances, and the reverse reaction apparently is possible also, 
since compounds of type (III) which are normally insoluble in alcohol, can be 
dissolved in alcohol containing arsine. The tetrakis compound (II) should be 
capable of existing in cis and trans forms, but owing to the ease of oxidation of 
the iodide, and the ease of elimination of arsine to form compounds of type (III) 

K — August 6, 1942. 
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with the bromide and chloride, one form only, probably the trans, has been 
isolated. 

The red salt-Uke dimeride (16) is reduced to the mixed red rhodous-rhodic 
complex (IV), then into the red rhodous salt-like dimeride (V), which like the 
parent dimeride (16) is transformed into the yellow monomeric tetrakis compound 
(II) by solution in hot organic solvents. This latter series of transformations is 
not so well established, since it is extremely difficult to stop the reduction at the 
stage of the compound (IV), or to prevent compound (V) rearranging to (II). 
Out of a great number of experiments only two pure specimens of compound (TV) 



were isolated, and the amounts were insufficient for molecular weight determina- 
tions. Generally, mixtures were isolated, and the rhodium halogen ratio 
varied from 1 : 2 • 2 to 1 : 2 • 8. The salt-like rhodous compound (V) was obtained 
pure with dimethylphenylarsine, but only an impure specimen with dimethyl-p- 
tolylarsinc. The transformation from the monomeric compound (II) to (V) 
could, to some extent, be effected by boiling with halogen acid in the presence 
of hypophosphorous acid, but the reaction proceeds only on the surface and 
cannot be brought to completion. 

The stability of the rhodous arsine complexes towards oxidation is least 
with the iodide and greatest with the chloride, whilst the tris arsine dimerides 
are more stable than the tetrakis monomers. The tendency to form the tetrakis 
compounds is greatest with the iodides, which eliminate one molecule of arsine 
with difficulty, whilst the chlorides pass to the tris arsine compounds merely by 
rubbing with a small amount of petroleum ether. 

Expeeimental. 

TetnMa-Dimethylphmylaraine Rhodoua Iodide {II). Rhodium trichloride solution (10 mis.) 
conteuning 0-097 g. of rhodium was treated with 0 - 8 g. of dimethylphenylarsine, h3rpophoBphorus 
acid (30%), 3 mis., hydriodic acid (57%), 10 mis., previously reduced with hypophosphoroiis 
acid, and sufficient alcohol added to produce one phase. The solution became dark red and 
precipitated a reddish substance, which slowly dissolved, on continued refluxing in an atmosphere 
of carbon dioxide. The reaction was stopped when the solution had become a pale yellow colour, 
and the solution cooled in carbon dioxide. The yellow microcrystalline precipitate wm filtered 
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and washed with 50% alcohol and dried rapidly. It slowly darkened on keeping owing to 
oxidation, and melted at 79-80'" C. An alcoholic solution precipitated no silver iodide from cold 
alcoholic silver nitrate, but on boiling gave a colloidal suspension of silver, followed later by a 
precipitate of silver iodide. The compound was extremely soluble in a(;etone, benzene, and even 
in petroleum ether. 

Found: Rh=9-83%; 1 = 23-59%. 

Calculated for Rhl, . 4((CH8)2 . As . (CeH^)) : Rh=9-49% ; 1=23-41%. 

Tetrakis-Dimethyl-p’tolylarsine Rhodous Iodide II. Prepared in a similar manner to the 
compound above using dimethyl-p-tolylarsine, this gave an orange-yellow crystalline powder, 
m.p. 80-82° C. 

Found: Rh = 9-25%; 1 = 22-26%; mol. wt. in benzene oryoscopically = 975. 

Calculated for Rhig . 4((CH3)a . As . (CeH 4 CHa)) .- Kh=9 02%; 1 = 22-28%; mol. wt.= 
1141. 

Tetrakia-dimethylphenylarsine Ehodoua Bromide II. Prepared m the same manner as the 
compounds above using pure rhodic bromide, the solution was refluxed until it became almost 
colourless, and then cooled in ice in the presence of carbon dioxide. The pale yellow, extremely 
soluble compound was precipitated as an oil, which became crystalline on standing in the 
refrigerator. In alcoholic solution it gave a silver mirror with silver nitrate on heating, and 
melted at 68-69° C. The compound was somewhat unstable and smelt strongly of arsine. 

Found: Rh = 10-18%. 

Calculated for RhBrj . 4((CH3)2 . As . (C^Hg)) : Kh = 10-21% 

Tetrakis-Difnethyl-p-irOlylarmne Hhodous Bromide 11. This compoimd precipitated as an oil 
which crystallised on cooling to a pale yellow microci-ystalline powder, m.p. 68-70° C. The 
compound was extremely soluble in organic solvents, and became orange on keeping, due to 
oxidation. 

Found: Rh = 9-72%; Br = 15-43%. 

Calculated for RhBrg . 4((CH8)2 . As . (CeH 4 CH 3 )) : Kh = 9-82% : Br = i.V28%. 

Tetrakia-Dimethylphenylarsine Rkodoua Chloride 11. Prepared in- the usual manner, this 
gave an almost colourless oil which solidified at about — 10*^ C., but immediately liquefied on 
removing from the freezing bath. No analyses thus could be undertaken, but the compound 
was extremely soluble in organic solvents, reduced alcoholic silver nitrate to the metal, but gave 
no precipitate of the silver halide except on continued heating. On warming with a deficiency 
of petroleum ether the compound dissolved and then crystallised out as a yellow powder, m.p. 
88° C. This compound had only three molecules of arsine and proved to be the dimeride dichloro- 
hexakis-dimethylphenylarsine p. dichloro -dirhodium (III). 

Found : Rh = 14 - 10%. 

Calculated for (RhCl 2 . 3((CH3)2 . As . : Rh = 14 -28%. 

(The tetrakis compound requires Rh = 11-40%.) 

Tetrakia-Dimethyl-p^olylaraine Rkodoua Chloride 11. Like the dimethylphenylarsine com- 
pound above, this formed an oil of low molting point, which by treatment with petroleum other 
gave the lemon-yellow tris compound — (RhCL . 3((Cllg)2 . As . (C 8 H 5))3 (III). This latter 
compound melted at 87-88° C. 

Found: Rh = 13-8%. 

Calculated for (RhClg . 3((CH3)aA8(CeH5)))2 : Rh = 13 -5%. 

(The tetrakis compound requires Rh = 10-75%.) 

Hexakis~Dimethyl-p4olylarsinerhodov>8 pentaiodo mono-dimethyl-p-folylarai7ie rhodite (IV). 
Rhodium trichloride solution (15 mis.) containing 0-12 g. rhodium was treated with hydriodic 
acid (57%), 20 mis., just decolorised with hypophosphoroiis acid, dimethyl -p-tolylarsine (0-65 g.) 
and refluxed for five minutes to form the rhodic iodide arsine complex. Hypophosphoroiis 
acid was then added to the red solution, and the refluxing continued for about thirty minutes, 
when a red precipitate came down and commenced to redissolvo. The solution was filtered hot, 
and the brilliant r^d leaflets and needles washed with aqueous alcohol and then water. The 
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oompoiind was sparingly soluble in alcohol, and organic solv^ts, but reduced alcoholic silver 
nitrate on heating. Examined under the miorosoope the substance proved to be homogeneous. 
The compound melted at 207*’ 0. 

Found: Bh»9*65%; 1»28*S3%. 

Calculated for (Rh((0Hs)|AB(0«H4CHa)«).(RhIg.(CHg).A8(C«H4CH,)) : Rh>=9*74%; 

Io«28-69%. 

Attempts to prepare the corresponding bromide and chloride were fruitless. It will be 
evident that the preparative procedure described involves the formation and half reduction of the 
rhodic dimeride, which in the cases of the more soluble diakyl arsines, as has been demonstrated 
previously, can be prepared with iodides only. 

HemHa-dimethylphenylaraine rhodoua perUaiodo mono-tUmethylphenylaraine rhodite (/7). 
Attempts to prepare this compound by the same method as the dimethyl-p-tolylarsine compoimd 
above always yielded an impure product consisting of mixtures of hexakis-dimethylphenylarsine 
rhodic hexaiodo rhodite (16) and the required compound, indicating that the solubility relation- 
ships between the two compounds were unsuitable. This is evident by the analytical resiilts. 

Found: (l)Rh=10*2%; 1=34-4%; Rh: 1 = 1: 2*73. (2)Rh = 10-6%; 1=36-4%; 
Rh: 1=1: 2-78. (3)Rh=9-93%; 1=34-8%; Rh: 1 = 1: 2-84. 

Calculated for (Rh((CHg) 4 A 8 C 4 H 4 ) 4 ) . (Rhl 5 .(CHs)*A 8 C 4 H 4 )) : Rh=9-81%; 1=30-2%; 
Rh:I = l : 2 - 6 . 

Hexakta-d^meihylphsnylarstne rhodoua tetraiodo bia^dimethylphenylarsine hyporhodUe (V), 
Rhodium trichloride solution (10 mis.) containing 0-092 g. rhodium was treated with potassium 
iodide, 0-5 g., and dimethylphenylarsine, 0-5 g. (3 mols.). Acetone was then added in sufficient 
quantity to produce one phase, and the solution refluxed for a short time to produce the rhodic 
compoimd probably as a mixture of the two forms (I) and (16). The orange solution was then 
treated with hydriodic acid (10 mis. of 67%), to transform the monomeric form (I) to the dimeride 
(16), and hypophosphorous acid, 3 mis. The mixture was refluxed for a further two hours in the 
presence of carbon dioxide, when it became deep red and deposited a small amount of dark 
coloured precipitate. There was no tendency to lighten in colour on continued boiling (compare 
with preparation of the monomeric tetrakis compound above). After filtering, the solution was 
cooled in carbon dioxide, when it deposited brilliant purplish red twinned needles, which were 
recrystallised from cold acetone in the presence of hydriodic and hypophosphorous acids by the 
addition of water. The compound melted sharply at 210^ C. Molecular weight determinations 
could not be imdertaken owing to the ease of oxidation in solution in the absence of hypophos- 
phorous acid, and the tendency to revert to the monomeric tetrakis compound (II) in the absence 
of halogen acid. The compound could be prepared in an impure form by boiling the yellow 
tetrakis compound (II) with concentrated hydriodic acid in the presence of hypophosphorous acid, 
when it became red in colour, and the melting point gradually rose. 

Found: Rh=9-77%; 1=23-40%. 

Calculated for (Rh((CHa)aAs(C 4 H 5 )) 4 ) . (Rhl 4 . 2 ((CHa) 4 As(C 4 H 8 ))) : Rh=9-49% ; 1 = 

23-41%. 
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Previously it has been shown that oestrogens (Bolliger and Carrodus, 1940a ; 
BoUiger and Canny, 1941) bring on a contraction of the pouch of the common 
Australian phalanger or possum (Trichosurus vulpeeula), and that progesterone 
(Bolliger and Carrodus, 19406) after a preliminary and comparatively small 
enlargement brings on a relaxation of this organ. There, however, still remained 
unanswered the question as to whether any of the other known sex hormones 
are capable of bringing on an expansion of the pouch comparable to that seen 
shortly before or during pregnancy in preparation for the entry of the yoimg 
into the pouch and in pseudopregnancy (Bolliger and Carrodus, 1940a). For 
this reason the action of gonadotropic substances was examined. Of the two 
gonadotropins at my disposal, viz. the one obtained from human pregnancy 
urine and the one prepared from pregnant mare serum, it was found that the 
latter brought on a marked contraction of the pouch, followed by a doubtful 
enlargement. The product obtained from human pregnancy urine also pro- 
duced an initial contraction of short dmation, which, however, was then followed 
by a very marked enlargement of the pouch. Consequently the action of this 
hormone was more fully investigated. 


Technique. 

Intramuscular injections each of 100 to 500 I.U. of gonadotropin obtained from human 
pregnancy urine (Gonan B.D.H.) were given to fully grown female possums. Most of the animals 
were injected three times and the three injections were given at three, four or seven day intervals. 

Before, during and after the period of injections the interior of the pouch was frequently 
examined by putting a finger into it to ascertain its dimensions and its conditions such as moisture 
and its colour. The mammary glands were also palpated and their size ascertained. For visual 
examination, the lips of the pouch were lifted by means of a small retractor and in the case of a 
large pouch it was fotmd advantageous to illuminate the interior with a head lamp. To gain 
some information about the potential capacity of the caudal half of the pouch where the mammary 
glands are and where consequently a pouch young will be situated, water was injected into it from 
a syringe which had a short, pliable piece of rubber tubing attached to its nozzle. For this test, 
which one may call the “ pouch capacity test ”, the animal was held by an assistant in a vertical 
position by its neck and tail. A second assistant held the hind legs of the animal. Then the 
rubber tubing connected to the syringe was introduced through the lips and pushed downwards 
till the caudal end of the pouch was reached. Warm water (approximately 35^ C.) was then 
injected slowly till it began to flow out from the caudal end of the pouch-opening and the number 
of mis. injected were noted. This test gave valuable information about the capacity of the caudal 
and laiger half of the pouch, in addition to its depth and width as ascertained by introducing 
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one’s finger. Struggling of the eninufi, of course, interferes with the test, but in the majority of 
examinations and xiartioularly in those oases where a large pouch was present, the animal rather 
seemed to like the introduction of warm water. 

Findings. 

In all the seven fully-grown females of varying ages and breeding-history 
injected with gonadotropin from human pregnancy urine, a typical response, 
though varying in extent, was noted. 

Most dramatic results were obtained from reproducing females which recently 
had housed a pouch yoimg and where the injections were started before complete 
involution of the pouch had taken place. A few days after the first injection 
was given the pouch diminished in size, the lips became thickened and the 
breast nipples turgid. One to two weeks after terminating the injections 
the pouch began to increase in size and within a further fortnight or less it 
reached its maximum size. This corresponded approximately to a pouch which 
could accommodate a large pouch young of about a tenth of the bodyweight of 
the mother. After the maximum extension had been reached slow involution 
extending over several months took place. These changes of the size and 
condition of the pouch were indicated by digital and visual examination as well 
as by the pouch capacity tost. The following example (possum No. 101, body- 
weight 2-4 kg.) will demonstrate this. 


ExpeHment 101. 

23/10/41. Gave birth to a young. 

1 /4/42. The large young of more than five months of age was taken away from the mother. 

21/4/42. On examination the pouch was found to be still fairly large. It measured 5 • 0 cm. 
in depth (measurement was taken from the caudal end of the pouch-opening to the caudal end 
of the pouch (Bolliger and Carrodus, 1940a) fiwid about 8 cm. in maximum width. On injecting 
water into the pouch (capacity test) 19 ml. were retained. The base of the right mammary 
gland to whose nipple the young was attached had a diameter of 1 * 2 cm. Left mammary gland 
and nipple were considerably smaller. *500 1.U. of gonadotropin obtained from human pregnancy 
urine were injected intramuscularly. 

24/4/42. The pouch had already contracted in size. It was only 2*6 cm. in depth, the 
nipples were turgid and the mammary glands were smaller than they were before the injection. 
600 I.U. gonadotropin were injected intramuscularly. 

28/4/42. The pouch now measured only 1 • 6 cm. in depth. The nipples were very turgid 
and on pressure produced a white secretion. 500 I.U. of gpnadotropin were administered. 

30/4/42. The lips of the pouch were thickened and puckered. The depth of the pouch 
was 1*4 cm., and on injecting water only about 1 ml. or less was retained. The interior of the 
pouch was fairly dry and the white secretion previously observed had ceased. The nipples were 
still very turgid and the mammary glands were considerably smaller them they were before the 
injections were started. 

4/5/42. By now the pouch had increased in size. It measured on an average 4 * 0 cm. in 
depth. The interior of the pouch was moist owing to the secretion of a light brownish fluid. The 
mammary glands had enlarged and the right mammary gland had reached approximately the 
pre-experimental size. 

7/5/42. The pouch was found to be very large. It measured about 5*5 cm. in depth 
and 11 cm. in width. On injecting water into the pouch-cavity 46 ml. could be retained. 

12/5/42. The pouch appeared to be still larger than on 7/5/42. In caudal direction it was 
found to reach down as far as the upper attachment of the medial thigh musculature and on 
injecting water 60 ml. could be retained. Mammary glands and nipples were comparatively 
smcdl, measuring about similar dimensions as observed pre-^xperimentally. 

13/5/42. The animal was killed. It was found to be in a very good state of nutrition and 
the urea content of the blood obtained just before the animal was killed was 32 mg. per cent. 
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On examining the genital tract, the ovaries were found to be enlarged and contained numerous 
large and small corpora lutea as well as some newly formed follicles. The uteri were markedly 
enlarged and contained large amounts of secretion. (Plate 1.) 



Fig. 1. Diagrammatic representation of the changes in the size of the 
pouch following the administration of gonadotropin obtained from 
humcm pregnemcy urine. Dotted line represents pre-experimental 
size of the pouch. The black area represents the contracted pouch as 
observed shortly after the administration of the gonadotropin. Broken 
line indicates the enlarged pouch as observed about two weeks 
following the administration of gonadotropin. 

In other experiments where the animal was not killed when the pouch had reached approxi- 
mately maximum dimensions, this organ was found to remain at its maximum size for about a 
week or two. Then slow involution began to take place extending over two months or more and 
thus a large pouch of over 20 ml. in capacity brought on by injection of a total 1,500 I.U. may 
persist for three months. 

Such a dosage as 1,500 I.U. does not interfere with the health of the animal. It is not yet 
certain if it will influence its fecundity. However, after the administration of a smaller dose of 
800 I.U. the animal was foimd to give birth to young four months after terminating the injections. 

Animals with persistently small, dry pouches which suggested temporary or permanent 
sterility due to known or unknown causes, also responded to the injections of gonadotropin though 
to a smaller extent. As with the former group of animals, the pouch, although already small, 
decreased after the administration of the hormone and then increased much in excess of its pre- 
experimental size. Again the capacity test demonstrated this very clearly as will be demonstrated 
in cm animal which seemed to be in a state of sterility probably due to the administration of 
considerable amounts of the synthetic female sex hormone, stilboestrol, which had been given 
for 16 months previously. 

Experiment S3. 

4/9/40. 1*6 mg. of stilboestrol administered intramuscularly. 

9/9/40. 1*6 ,, ,, 

10/9/40* 1*5 ,, ,, ,, ,, ,, 
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During the aeooad half of 1841 the powdi waained about atationarjr in aixe and measured 
3 om. in depth and about 4*8 om. in its maTtjmnm^ width. On injecting water into the pouch 
it was onfy capable of retaining 3 mL (pouch capaci^ test). The interior of the pouch was 
dry and clean. 

16/12/41. 280 I.U. of gonadotropin were injected intramusculariy. 

16/12/41. 280 I.U. of Gonan were injected intramuscularly. 

22/12/41. The depth of the pouch was now only 2 cm., and only 1 ml. of water was retained 
when executing the capacity test. 

2/1/42. A day or two previously the pouch was fotmd to increase in size and measured 
now 4*8 om. in depth and about 6 cm. in maximum width. Its interior was moist, due to the 
presence of a light brown fluid. During the following week the pouch probably enlarged slightly 
further. 

8/1/42. On executing the capacity test the pouch was found to retain 16 ml. of water. 
This enlarged pouch was found to persist for two more months. Then the animal was used 
for another experiment. 


Discussion. 

As pointed out before, spontaneous and considerable expansion of the 
pouch t^es place inunediately before the young of Triehoaurus vidpecvla is 
bom. Following birth further expansion takes place to provide sufficient 
space for the rapidly growing pouch young. As shown in the experiments 
described in this paper, a similar enlargement can be brought on at any time 
by the administration of a fairly large dose of gonadotropin obtained from 
human pregnancy urine which, in the present study, was usually divided up 
into three injections. Since so far no other hormone has been found to give an 
equally marked reaction of this nature, it is assumed for the time being that a 
hormone similar or identical to that found in human pregnancy urine brings 
on the spontaneous enlargement of the pouch preceding birth and probably also 
the further enlargement during about three months afterwards, during which 
period the frail growing pouch young woidd have to bo provided with the 
necessary space. 

This widening effect as brought on by our gonadotropin is considered to be 
a typical reaction of the pouch, and not merely an extension of the mammary 
area, mainly because the increase in size of the mammary glands is only small 
when compared with the increase in size of the pouch, which as far as its capacity 
is concerned may be as much as twenty-fold. Furthermore, clearly, not only 
the lining of the pouch but also the areolar tissue surrounding it and situated 
between panniailua earnoaus and abdominal musculature must play an important 
part in the extension and contraction of this organ. This, however, will be 
ffiscussed on another occasion. 

Furthermore, the cremaster muscle {compreaaor manrnce) must also be 
involved in this enlargement, because when the pouch increases in size under 
the action of the gonadotropin there is a movement of the mammary glands 
caudad. Consequently the cremasters have to extend in length while in the case 
of a contraction of the pouch there is a shortening of these muscles (Bolliger 
and Canny, 1941). 

The process of enlargement of the pouch, after the administration of 
gonadotropin obtained from human pregnancy urine, is preceded by a definite 
contraction. As shown in previous experiments, contraction of the pouch is 
brought on by oastrogens (Bolliger and Carrodus, 1940a ; Bolliger and Canny, 
1941). Therefore some prelin^ary follicular stimulation and subsequent 
release of follicular hormone may be assumed to occur after the injection of 
goiiadotropin from urine of pregnancy. This is supported by the histological 
compearance of the ovaries, which also show some newly formed follicles (Plate I). 



Journal Royal HonHy of JT./S.M’.. Vol. LA’AVl, 1942, Plate 1 






THB VPgXOT OF OONADOTBOPIN. 141 

However, it is a well reoogiused fact that the gonadotropin obtained from 
urine of pre^anoy possesses mainly luteinising properties. This also seems to 
be the case in our marsupial judging from the appearance of ovaries and uteri 
after its administration. In male possums it also reacted as one would expect 
from a substance of this nature, i.e. in adolescent animals precocious development 
of the sex organs and spermatogenesis were produced after its administration 
(Bolliger, 1942). But as far as the pouch is concerned, the results obtained 
from our luteinising hormone do not agree with those obtained from the adminis- 
tration of the crystalline corpus luteum hormone, progesterone, which in higher 
mammals is produced by the corpora lutea, and which prepares the uterus for 
pregnancy. In our marsupial Trichosurus vulpeeulaf progesterone brought on 
a short-lived and not very marked enlaigement of the pouch, together with an 
increase in the size of the mammary glands. This, then, was followed by a 
relaxation of the pouch, which lasted for some months. On the other hand, the 
gonadotropin used in the present experiments brought on a short-lived contrac- 
tion followed by a marked expansion, but without definite loss of tone. This 
discrepancy cannot be explained at this stage. 

SUMMABT. 

In the fully grown female diprotodont marsupial, Trichosurus vulpecula, 
gonadotropin obtained from human pregnancy urme brings on a preliminary 
contraction of the pouch, followed by a marked expansion which is somewhat 
similar to that seen just before a young is bom. Within about two weeks 
following the initial contraction, the expansion of the pouch reaches about its 
maximum, which after the administration of about 1,500 I.U. of gonadotropin 
would allow the housing of a pouch young of about 1/lOth of the body weight 
of the mother. This endarged pouch persists for about a week then slow involu- 
tion takes place, extending over one to three months. 

This reaction indicates that the gonadotropin obtained from human 
pregnancy urine not only infiuences ovaries and uteri as in eutherian mammals, 
but also the pouch, an ectodermal stmcture, and that a similar hormone must 
play a vital part in marsupial reproduction which fully depends on a properly 
conditioned pouch. 
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Descbiption of Plate I. 

Flats I (Experiment 101). Cenital tract of Trichosurus vtdpecula (posterior aspect) 
treated with gonadotropin obtained from human pregnancy urine. Note enlarged 
uteri and oveuies. The ovaries are covered with numerous corpora Vutea as well as 

some newly formed foUioles. 

U. =:uteruB ; O. =ovary ; M.V. =median vagina ; L.V. ^lateral vagina ; Bl. =bladder ; 
G.U. =urogenital canal ; R. =reetum. 
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Summary. In this paper four rugose reef-coral faunas are recognised 
and their species described ; the Moore Ck. or Sanidophyllum fauna, the Sulcor 
or EridophyUum fauna, the Loomberah or Eddaatrcea fauna and the Nemingha 
or insigne fauna. The first is deduced to be Oivetian and has affinities with the 
Queensland Burdekin fauna ; the second is thought to be early Couvinian and 
has species in common with the Loyola fauna of Victoria and with the Murrum- 
bidgee fauna of New 8outh Wales ; the third is possibly early Couvinian, and 
the last either late Lower Devonian or very early Couvinian, with affinities to 
the 8ilverwood fauna of Queensland. 

Most of the material studied consisted of thin sections cut in the University 
of 8ydney by Mr. H. G. Gooch, from specimens collected by Dr. Ida Brown, 
while the remainder consisted of sections and specimens in the Australian 
Museum and the University of Queensland. Dr. Brown’s interpretation of the 
stratigraphy of the Attunga area to the north of Tamworth is shown on her map, 
published on page 168 of this volume. Her work, following on that of Benson, 
indicates that limestones are developed on three horizons in the area, the lowest 
forming the Nemingha group, the middle the Loomberah-8ulcor group, and the 
upper the Moore Ck. The results obtained from a study of the rugose corals 
are in general agreement with this. 

The lists of Eugose corals obtained from the various localities and determined 
by thin sections are as follows : 

Moore Ck. Limestone (E. 1472, pors. Ill, 61 and 136, Par. Woolomol) : 
“ CystiphyUum ” australe, MesophyUum corntibovis, DisphyUum robustum, Phacel- 
lophyUum porteri, Sanidophyllum coUigatum, S. davidis, SpongophyUum giganteum, 
S. fimmersum, S. halysitoides. 

Springs Ck. LimesUme (Tamworth Common, 1 mile north of Tamworth) : 
Dohmophyllum sp., ZystriphyUum mitchelli, “ Campophyllum ” cf. lindstromi, 
DisphyUum robustum, PhacellophyUum porteri, SanidophyUum davidis. 

Woolomol Limestone (Pors. 41, 42, Par. Woolomol) : “ CystiphyUum ” 

australe, “ Campophyllum ” cf. lindstromi. 

Limestone in southern end of Por. 137, Par. Woolomol : SpongophyUum 
fimmersum, SanidophyUum sp. (from hand specimen only). 

Follington’s Limestone in north part of Por. 252, Par. Burdekin : PhaeeL 
lophyUum porteri (7179), SanidophyUum sp. (from hand specimen only), f Try- 
plasma sp., SpongophyUum giganteum. 

Limestone in N.E. part of Por. 248, Par. Burdekin : DisphyUum cf. gregorii, 
SpongophyUum giganteum. 

Limestone in Por. 127, Par. Burdekin : SanidophyUum coUigatum, Stringo- 
phyUum bipartitum, S. densum. 
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Limestone in For. 264, Par. Burdekin : Sanidophyttum sp., FavisteUa cf. 
rhenana ; in S.W. comer, Sanidophyllum davidis ; in central-eastern part, 
Sanidopkyllum colUgatum. 

Limestone in For. 249, Par. Burdekin, central-eastern part : DisphyUum 
cf. PhcteeUophyll'um porteri, Sanidophyllum eolUgatum. 

Sulcor Limestone (Pors. 88 or 115, Par. Burdekin) : Xystriphyllum magnum, 
PrismatophyUum brawnce, TrapezophyUum eouUeri, PhiUipsastnea maculosa, 
P. linearis, P. oarinata, Eridophyllum bartrumi, Mictophyllum cf. cresswelli, 
AulacophyUum trizonatum, Pseudamplexus princeps. 

Limestone in the S.W. corner of Por. 248, Par. Burdekin : Xystriphyllum 
mitchelli. 

Limestone in the N.E. corner of Por. 19.3, Par. Burdekin : PrismatophyUum 
brownce. 

Loomberah Limestone (Por. 23, Par. Loomberah, west bank of Sandy Ck.) : 
Eddastrana grandis, Phillipsastrcea aperta, P. cuncta, Endophyllum cf. abditum. 

Nemingha Limestone (Beedle’s Freehold, Por. 163, Par. Nemingha) : 
Pseudamplexus sp., Spongophyllum halysitoides. 

Limestone in Por. 181, Par. Nemingha : FavisteUa neminghensis. 

Limestone in Por. 256, Par. Burdekin : Acanthophyllum cf. inansfieldense, 
Lyrielasma floriforme, Xystriphyllum insigne. 

Limestone in Por. 277, Par. Burdekin (middle of south boundary near 
Por. 184, and N.W. comer) : Lyrielasma floriforme. 

Limestone in Por. 15, Par. Burdekin : “ Cystiphyllum ” multitrabeculatum. 

Ijirnestone in Por. 192, Par. Attunga, W. side of Boundary (^k., north of 
Moore Ok. : Tryplasma sp. (slender, fasciculate). 

A study of the lists shows that tliere are four localities with enough species 
present for faunal discussions ; these are Moore Ok., Sulcor Qy., Loomberah, 
and Por. 256, Par. Burdekin. None of these localities contains species found 
in any of the other three. The lists also show that the coral faunas in each case 
are coral-reef faunas, so that any <lifferences in associations must be due to age. 
or location, and not to facies. 

The Moore Ck. list is mostly from old collections, from specimens labelled 
merely “ Moore Ok.” The map in Came and Jones (1919, opp. p. 254) shows 
seven separate limestone patches in this “ Moore Ck.” locality, and it may be 
that more than one horizon is represented. Thus the record of S. halysitoides, 
known elsewhere from the type locality for the Nemingha limestone, may mean 
that one of the limestone patches is the equivalent of the Nemingha. Dr. Brown 
considers that a Nemingha equivalent occurs on the north side of Moore Creek. 
By identity of species contained, it is reasonable to correlate the following lime- 
stones with the Moore Ck. : Springs Ck. ; Woolomol ; PolUngton’s ; N.E. part 
of Por. 248 (probably 232), Par. Burdekin ; 137 Par. Woolomol ; Por. 127, Par. 
Burdekin ; Por. 264, Par. Burdekin ; and central-eastern part of Por. 249/232, 
Par. Burdekin. With the Sulcor limestone we may correlate the limestone in 
the N.E. comer of Por. 193, Par. Burdekin, as both contain P. broumce. The 
Loomberah limestone shows no identity of species with any other. With the 
limestone in Por. 256, Par. Burdekin, we may correlate that in the middle of the 
south boundary of Por. 277, Par. Burdekin, near Por. 184, in Por. 192, Par. 
Attunga, and in the N.W. comer of Por. 277, and tentatively the “ Nemingha ” 
limestones of Benson from Beedle’s Freehold (Por. 163, Par. Nemingha) and 
Por. 181, Par. Nemingha, although there is no identity of species between 
Benson’s localities and Brown’s new ones ; the correlation is made on the 
lithological characters of the breccia, etc., noted by Brown above the limestones 
in each case. 
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The ages suggested by companug the four faunas with those of the standard 
foreign successions and of other localities in Australia are as follows : 

Moore Gk.*8priiigs Gk. (Sanldophyllum) Fauna. — Givetian. Dohmophyllum 

suggests the Lower or Middle Givetian ; XystriphyUum mitoheUi suggests the 
Gouvinian ; “ CystiphyUum ” auatrale indicates broadly the Middle Deyonian ; 
MesophyUum oomubovis suggests the lower Givetian, Disphylium robustum 
the Gouvinian, and Phacellophyllum porteri the Givetian or Frasnian. Sanido- 
phyUum is iin^own elsewhere. SptmgophyUum giganteum resembles 8. variana 
from the Middle Devonian of the Bifel. 8. immeraum is known from the Middle 
Givetian in Queensland. 8. halyaUoidea is typical of the Nemingha limestone 
while a variety occurs in the Gouvinian Silverwood limestone. On the whole 
the Moore Gk. -Springs Gk. fauna appears to have Givetian affinities, and this 
deduction is strengthened by the occurrence of 8tringophyllum bipartitum and of 
specimens comparable with Diaphyllum gregorii and FaviateUa rhenana, all three 
of which occur in the middle Givetian of Queensland, in outcrops which may be 
correlated with the Moore Gk. limestone. 

Sulcor (Erldophyllum) Fauna.— Early Gouvinian (early Murrumbidgee). The 
only species which is closely comparable with foreign species is Eridophyllum 
bartrumi, which occurs in the lower Middle Devonian of Beefton, N.Z., wUle a 
closely similar species is known from the lower part (? Gouvinian) of the Middle 
Devonian Nevada Limestone of the U.S.A. Xyatriphyllum occurs in the Lower 
Devonian of the U.S.A. and Bohemia ; Pnamatophyllum, PhiUipaaatrcea and 
Mictophyllum are known from the Lower, Middle and Upper Devonian else- 
where, and Paeudamplexua in the Silurian, Lower and Middle Devonian ; Aulaco- 
phyUum occurs in the Middle Devonian Golumbus and Hamilton limestones of 
the U.S.A. These comparisons suggest a lower Middle Devonian age, but 
comparison with Australian faunas whose ages have been separately deduced 
gives serviceable results also. Xyatriphyllum magnum occurs in the Murrum- 
bidgee fauna as developed in the Wellington district of N.S.W., and thus indicates 
the Gouvinian ; PriamatophyUum brovmte is unknown elsewhere. Trapezo- 
phyllum is known elsewhere only from the ? Lower Devonian Loyola limestone 
of Victoria. PhiUipaaatrcea maculoaa and P. linearia occur also in the Loyola 
limestone, and P. carinata in the Goblenzian Mt. Etna limestone. Eridophyllum 
bartrumi is characteristic of the Gouvinian Murrumbidgee fauna ; Mictophyllum 
creaawelli is known from the Lower or Middle Devonian Lilydsde limestone of 
Victoria. AulacophyUum trizonatum is not known elsewhere. Paeudamplema 
princepa occurs in Lower and lower Middle Devonian limestones in N.S.W. and 
Queensland. The assemblage thus suggests a horizon intermediate between the 
Garra (Mt. Etna) Goblenzian and the Murrumbidgee Gouvinian, possibly low in 
the Gouvinian. The two species common to the Sulcor and the Loyola limestones 
suggest that they are of approximately the same age, and the Loyola limestone 
may well be very low in the Gouvinian rather than Lower Devonian as previously 
suggested ; or, it may be, that the Sulcor Limestone is very high in the Lower 
Devonian, but the former seems to me more likely. It should be stated, however, 
that our knowledge of the coral faunas existing in the European type areas at 
the top of the Lower Devonian and the beginning of the Midffie Devonian is still 
too incomplete to form a really reliable guide as to which side of the boundary 
any one fauna found in Australia should be placed. 

The Loomberah (Eddastraea) Fauna.— Possibly Gouvinian, early. Eddaatrcea 
occurs in the Lower Devonian of EUesmereland ; PhUlipaaatrcea is Lower, 
Middle and Upper Devonian in range, and EndophyUum aMitum is a Middle 
Devonian species in Europe and Asia. The age vaguely indicated by these 
oversea comparisons is thus perhaps early Middle Devonian. E. grandia occurs 
in the Telamon limestone of Queensland, in association with Xyatriphyllum 
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insigne and AcatUhophyllim cf. manafieldense, two species which suggest cor- 
relation with the Nemingha fauna. PhiUipsastrcea aperta occurs in the Wel- 
lington district at an unknown horizon, in association with a different species of 
E^aatrcea. P. caUoaa is unknown elsewhere. The affinities of this small 
Loomberah fauna are by no means clear, but a horizon near the boundary 
between Goblenzian and Couvinian is suggested, possibly on the Couvinian 
side. 

The Nemingha (insigne) Fauna.— Lower Devonian or possibly early Couvinian. 
The faima of the type Nemingha limestone is very scant. It contains only 
Paeudcmpleayus sp. and 8pongophyUum halysitoides, both of which are known in 
the Silverwood limestones, previously deduced to be Lower Couvinian. If we 
accept the lithological correlations made by Dr. I. Brown, and these indeed seem 
reasonable, we may argue from a larger fauna, by adding Acanthophyllum cf. 
mansfiddeme, I/yrielmnM floriforme and Xystriphyllwm insigne from the limestone 
in portion 256-277, Par. Burdekin, and Tryplasma sp. from that in Por. 192, 
Par. Attunga. The first suggests the upper part of the Lower Devonian or low 
in the Couvinian, Lyrielasma is known in the Lower and Middle Devonian while 
X. insigne is characteristic of the early Couvinian Silverwood limestone, and 
of the Chillagoe limestone, at present regarded as Silurian. Tryplasma suggests 
a pre-Middle Devonian correlation. Either a Lower Devonian or an early 
Couvinian age is thus possible. 

The Eugose corals thus indicate that the Nemingha group of limestones is 
the oldest, either late Lower Devonian or very early Couvinian, and the Moore 
Ck. the youngest, being Givetian. The Sulcor and Loomberah limestones, 
though containing no species in common, both appear to be early Couvinian, 
but we are unable to deduce their relative stratigraphical position from their 
faunas. We also have the interesting result that the Loyola fauna of Victoria 
is not far in stratigraphical position from the Sulcor limestone. 

It is remarkable that no one species is common to any two of the four faunas. 
But the Loomberah is connected with the Nemingha by both the Telamon and 
the Silverwood faunas, of Queensland. The Sulcor has close relations with the 
Loyola of Victoria, but is also related to the Murrumbidgee, while it has two 
species in common with the Garra ( =Mt. Etna) fauna, which is thought to be 
older than the Silverwood and Nemingha faunas. The Moore Ck. is divorced 
entirely from all seven of these other faunas, but is related to the Givetian 
Burdekin fauna of Queensland. The very sharp division here may indicate 
a disconformity or a migration. 

Systematic Descriptions. 

Family Acanthophyllidse Hill, 19395, p. 220 -, 1942, p. 234. 

The cerioid genus XystriphyUum Hill, 1939o, p. 62, previously placed 
somewhat doubtfully in the SpongophylUdse, is herein removed to the Acantho- 
phyllidsB. It was referred to the SpongophylUdse because the genotype, 
X. dunstani (Etheridge), showed occasional lonsdaleoid dissepiments, and was 
associated with a cerioid species of Spongophyllum, which is morphologically 
closely similar and from which it wa« thought to have been derived. But in 
view of the large number of species of XystriphyUum now known, which have 
acanthophylloid rather than spongophylloid septal and tabular arrangements, 
and the fact that lonsdaleoid dissepiments are rather rare in the genus, it is 
considered that the morphological resemblance to the SpongophylUdse is homeo- 
morphic rather than phylogenetic ; although the other possibiUty, that Spongo- 
phyUum spongophyUoides (Etheridge) may have been derived from XystriphyUum 
rather than from GrypophyUum, like the genotype of Spongophyllum, is very 
strong. 
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Genus Acanthophyllum Dybowski ; Hill, 19396, p. 222. 

Acanthophyllum Pmansfieldense (Dun). (PI. II, fig. 1.) 

One specimen, U.S. 7264, from the Nemingha limestone of Por. 266, Par. 
Burdekin, is close to A. mamfieldenae (Dun ; Hill, 19396, p. 223) from the 
? Lower Devonian limestone of Loyola in Victoria. It is slightly smaller in 
diameter, and has fewer septa, 21 of each order as against 26 ; also, it has a 
greater degree of septal dilatation, the loculi between the septa being almost 
completely filled. AcanthophylMs with great septal dilatation occur also in the 
Silverwood, Telamon, Garra and Mt. Etna limestones. 

Genus Dohmophyllum Wedekind ; Hill, 1942, p. 236. 

Dohmophyllum sp. (PI. IV, fig. 1.) 

Material. One specimen, F 6199, Australian Museum 179, from the Moore 
Ck. limestone in Springs Ok. near Tamworth. 

Diagnosis. Dohmophyllum with 35 septa of each order, some being thickened 
or buttressed by lateral dissepiments. 

Description. The thin section, which is somewhat oblique, has a shorter 
diameter of 45 mm. and a longer of 60 mm. There are 36 septa of each order, 
the major extending to the axis, where they interdigitate in the manner character- 
istic of the Acanthophyllidae, and some are rotated ; they are a little dilated 
in the tabnlarium, which is very narrow, only 10 mm. at most in diameter. 
The minor septa are almost as long as the major, but are thinner ; the septa of 
both orders may be dilated or buttressed by lateral dissepiments. The dis- 
sepiments are small and equal, and the dissepimentarial floors are flat or even 
somewhat everted in the broad peripheral regions, but slope steeply downwards 
into the tabularium ; the tabular floors are formed of close, flattened tabelhe, 
without a median notch, and are irregular, domed and sagging in different 
parts of the same floor. 

Remarks. As only one specimen is available, a complete understanding 
of the species is not possible. It has not the axial structure of discrete septal 
ends found in the more typical Dohmophyllum, and it shows septal modifications, 
in the presence of lateral dissepiments, not found in the north Queensland 
Givetian D. clarkei. 


Genus Lyrielasma Hill, 19396, p. 243. 

Lyrielasma florlforme sp. nov. (PI. II, fig. 2.) 

Holotype. S.U. 7252, limestone in middle of south boundary, Por. 277, 
Par. Burdekin. Probably an equivalent to the Nemingha Limestone. 

Diagnosis. Dyrielasma with a narrow, nearly regular peripheral stereozone. 

Description. The corallum is compound and fasciculate, the corallites 
being unequal, from 2 to 17 mm. in diameter (average of 10 mm.), and unequally 
spaced. The nature of the increase is unknown. There are typically 20 septa 
of each order, the major extending unequally to the axis, and the minor about 
two-thirds as long. They are all dilated at the periphery to form a peripheral 
stereozone 1 mm. wide, the dilatation then decreasing suddenly towards the 
axis, but recurring irregularly in the middle course of the septa. The tabularium 
is about 3 mm. wide in the average coralUte, and the tabular floors are concave 
with a median notch, the tabulse being complete or incomplete, and very close. 
The dissepiments are small and rather globose, gently inclined near the periphery 
and steeply inclined near the tabularium. 

Localities. Type, as above ; north-west comer of Por. 277, Par. Burdekin, 
and S.U. 8161, Por. 256, Par. Burdekin. All are considered to be on the horizon 
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of the Nemingha limestone by Dr. I. A. Brown, by reason of the similarity of 
lithology. 

Bemarks. The species is considered to belong to Lyrielasma rather than to 
Grypophyllum, which is morphologically somewhat similar but is regarded as a 
member of the Spongophyllidse, because it shows the septal dilatation of the 
former, and is without the degeneration of the minor septa so characteristic 
of the latter. 

Genus Xystrlphyllum Hill, 1939a, p. 62 ; 1940c, p. 269. 

See remarks under Family Acanthophyllidae. 

Xystrlphyllum magnum sp. uov. (PI. Ill, figs. 2a, 26.) 

Holotype. S.TJ. 7270, behind the Siileor Quarry, in Pors. 88 and 115, 
Parish of Burdekin, near Attunga. 

Diagnosis. Xystriphyllum with large eorallites, up to 20 mm. in diameter, 
and about 22 long septa of each order. 

Description. The corallum is cerioid and large. The eorallites are up to 
20 mm. in diameter, and are five or six-sided, the sides being usually straight, but 
sometimes curved. There are 22 septa of each order in the larger eorallites ; 
they are long, and typically without curvature, even in the tabularium, where 
the ends of the major septa may interdigitate to some depth ; they may be 
slightly wavy, and occasionally are discontinuous near the periphery, when 
lonsdaleoid dissepiments may occur ; the minor septa extend nearly three- 
quarters of the way to the axis. There is no septal dilatation, and the minor 
septa are somewhat thinner than the major. The tabular floors are close, 
shallowly concave with a median notch, and are formed by elongate tabellse. 
The tabularium has a diameter only about one-quarter that of the coralUte. 
The dissepiments are rather large, flat lying near the periphery, but globose in 
intermediate areas and steeply inclined near the tabularium ; some are 
geniculate in transverse section, and others buttress the sides of the septa. 

Localities. In addition to the type locality, the species occurs north of the. 
road, Por. 247, Parish of Micketymulga, about 6 miles N.W. of Wellington. 
Its horizon is thought to be early Murrumbidgee, i.e. early Couvinian. 

Xystrlphyllum mitchelli (Etheridge). (PI. II, fig. 9.) 

Hill, 1940c, p. 269, pi. XI, figs. 2, 3, Murrumbidgee (Couvinian) beds. 

New Localities. Springs Ok. (Aitstralian Museum F 4204) ; and south-west 
corner of Por. 248, Par. Burdekin (S.IT. 7261) ; both in the Tamworth district. 

Xystrlphyllum Inslgne Hill. 

Hill, 1940a, p. 164, pi. Ill, figs. 5a, 6, Lower Middle. Devonian of Limestone 
Siding, Silverwood, Q. 

Localities. Limestone in Por. 256, Par. Burdekin ( =limestone on the 
Manilla road, 16 miles from Tamworth, near Attunga, and limestone 2 miles 
X.W. of Attunga), mapped by Dr. I. A. Brotyn as an equivalent of the Nemingha 
limestone. 


Genus Eddastreea nov. 

Genotype. PhUlipsastrcea grandis Dun in Benson, 1918, p. 379, pi. XXXV, 
figs. 4, 6, Loomberah limestone. 

Diagnosis. Astrseoid, thamnastraeoid or aphroid Bugose corals with wide 
dissepimentaria of small, highly arched dissepiments, with shallowly concave. 
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axially deepened tabulae, and with long, but unequal major septa. The axial 
ends of the major septa are arranged in groups in the tabularium, and are straight 
or curved vertically, the curvature d&ering in degree from group to group ; 
the cardinal septum is typically short. 

The genus contains the plocoid members of the Acanthophyllidae, just as 
LyrieUmna includes the phaceloid and Xystriphyllum the cerioid members. It 
is quite unrelated morphologically to the co-existent and also plocoid PhUlipa- 
aatrcea, differing from this member of the Disphyllidse in just those characters 
in which Macgeea, the solitary Disphyllid, differs from Acanthophyllum, the 
solitary Acanthophyllid. The genus occurs elsewhere in the Lower Devonian 
of Ellesmereland, in Phillipsastrcea gigas of Loewe (1914, pi. IV, fig. 2). 


Eddastrtea grandls (Dun). 

PhiUipsastraia grandis Dun in Benson, 1918, p. 379, pi. XXXV, figs. 4, 5, 
Loomberah limestone. 

f SpongophyUum (?) sp. n. Dun in Benson, id., pi. XXXIV, figs. 2, 3. 

Diagnosis. Eddastroea with large coralUtes. 

Type Material. The specimen figured by Dun has not been traced. 

Description. The coraUum is plocoid, the common wall between corallites 
being absent, and in Dun’s figured specimen (figs. 4, 5) the septa of neighbouring 
cora^tes are confiuent. The corallites in this figured specimen are about 20 mm. 
apart from axis to axis, varying between 16 and 26 mm. The tabularia are 
narrow, only 4 mm. wide, while the dissepimentaria are exceptionally wide. 
There are 20 to 23 septa of each order, the major extending unequally to the axis 
in groups, the groups being curved aside to greater or less degrees. They may 
show carinse in the tabularium. The minor septa are a little thinner than the 
major, and a little shorter. The dissepiments, which are small, are almost 
horizontally inclined at the junctions of the corallites, but towards the axis they 
become steeper and where they line the tabularium they are vertical. The 
tabulae are small, elongate, close and thin, forming concave tabular floors with 
a median deepening. 

Remarks. The similarity in internal structure of corallites between this 
plocoid species and the cerioid Xystriphyllum magnum of the Sulcor limestone 
is very great. Possibly the specimen figured by Dun as Spongophyllum loc. cit. 
is a member of the species E. grandis, but the septa of neighbouring corallites 
abut against one another rather than run together, the corallites are smaller 
and there are fewer septa, with a maximum of only 17 of each order as against 23. 
The characters of the septa, dissepiments and tabulae are otherwise very similar. 
The species is very like the Lower Devonian Phillipsastrcea of Loewe from 
Ellesmereland. It has also been collected from the limestone near Telamon, 
on the Springsure-Tambo road, Queensland. 

Family Caniniidse ; Hill, 1939c, p. 102. 

Genus “ Campophyllum ” Auctt. ; Hill, 1940c, p. 264. 

" Gampophyllum ” of. Undstroml (Freeh). (PI. IV, figs. 2a, 2b.) 

Two specimens, F 6201, Australian Museum, from the Moore Ck. limestone 
of Springs Ck., and S.U. 7162 from the Woolomol limestone of Pors. 41, 42, 
Par. Woolomol, have the general morphology of “ C” lindstromi (Freeh, 1886, 
p. 38 ; 1886, p. 69, pi. I, figs. 8-12, 14-17) from the Givetian and Upper Devonian 
of Germany, which appears not to have been re-studied or sub^vided. The 
Springs Ck. specimen is a cylindrical fragment about 30 mm. in diameter. 



DEVONIAN EUGOSE COEALS OF THE TAMWOETH DISTBICT, N.8.W. 149 

somewhat compressed, with 44 major and 44 minor septa, the major extending 
about half-way to the axis and the minor being only about 5 mm. long. They 
are all rather thin throughout, and the major septa are somewhat irregular in 
course in the tabularium. The tabularium is wide, about 22 mm. in diameter, 
with horizontal and usually complete tabute, which sometimes, however, do not 
extend quite across the tabularium, but have one margin on the plate below. 
The dissepiments are small but unequal, seldom geniculate. The age indicated 
is Givetian or Upper Devonian. 

Cystimorphs ; Hill, 19396, p. 248 ; 1942, p. 241. 

“ Cystlphyllum ” australe Etheridge ; Hill, 1942, p. 243. 

Typical specimens are U.Q. 20012 from the Moore Ck. limestone of Moore 
Ck. and S.U. 6249 from the Woolomol limestone of Pors. 41, 42, Par. Woolomol. 
In Queensland the species is characteristic of the Givetian limestones ; but 
specimens thought to form a related group occur in the Couvinian MurrumWgee 
limestones of N.S.W. 


“Cystlphyllum” multltrabeculatum sp. nov. (PI. II, iigs. 3a, 36.) 

Holotype. S.U. 7214, limestone in Por. 15, Par. Burdekin, mapped by 
Dr. I. Brown as equivalent to the Nemingha limestone. 

Diagnosis. Cystimorph in which the arrangement of the very numerous 
trabecul® into septa is still apparent. 

Description. The coraUum is probably solitary, and the diameter more 
than 50 mm. There are more than 80 septa in all in the transverse section 
provided, but it has not been possible to distinguish the minor septa with certainty 
from the major, although presumably the minor extend to the inner edge of the 
dissepimentarium, which is not clearly separable from the very narrow 
tabularium. Each septum consists of two series of holacanthine trabecula*, 
diverging pinnately from the median plane, and set in a continuous mass of 
lamellar sclerenchyme. In most parts of the transverse section, some of the 
dissepiments cause discontinuities in the septa, but in places the septa are 
continuous from periphery to tabularium. One septum may be traced right 
beyond the axis of the corallum, and this would appear to be in the counter 
fossula ; but it could not be determined whether it was the very long counter 
minor septum so characteristic of the Digonophyllidse. It is, like the latter, 
in the plane of symmetry of the corallum. The septa are curved towards the 
cardinal septum, which is short. The tabularium is eccentric, and is nearer to 
the cardinal margin than the counter, though still in the plane of symmetry of 
the corallum. The dissepiments are numerous and large, without exaggerated 
globosity, and fairly steeply sloping, not clearly distinguishable from the tabul®, 
although these are a little larger and more horizontally inclined. The scler- 
enchyme seen in vertical section on the upper surfaces of the dissepiments and 
tabulae is shown by the transverse section to be septal in origin. 

Bemarks. The specimen is most interesting, its septal morphology suggesting 
that it is a link between the Digonophyllidae and those cystimorphs of the Middle 
Devonian which have for septal apparatus only holacanthine trabecul® set in 
lamellar sclerenchyme ; but many more specimens must be found before such 
an important conclusion could be proved. None of the specimens figured by 
Wedekind and Vollbrecht (1931) from the Middle Devonian of the Eifel shows 
this arrangement of the trabecul® in radial series corresponding to septa. As its 
morphology is so imusual, the specimen cannot be used as an indiciator of age. 
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Family Digonophyllidae ; Hill, 1942, p. 244. 

Genus Mesophyllum Schluter ; Hill, 1942, p. 245. 

Mesopbyllum comubovis (Etheridge). (PI. IV, figs. 3, 4.) 
Aetinocystis f comubovis Etheridge, 1899, p. 159, pi. XXI, figs. 1, 2, pi. XXXVIII, 
fig. 1, Moore Ck. and Woolomol limestones, Tamworth. 

Type Material. Xot located, probably in the collection of the Geological 
Survey of New South Wales. 

Diagnosis. Mesophyllum with the septa completely withdrawn from the 
periphery and typically from the axis also, and with minor septa suppressed, 
leaving a somewhat irregularly developed collar of long major septal segments 
in the inner parts of the dissepimentarium. 

Description. The corallum is large and awl-shaped, with a long cylindrical 
or somewhat compressed distal portion. There are about 50 major septa, which 
are developed only as short septal crests on the dissepiments in the peripheral 
parts, but form long segments continuous through several series of dissepiments 
in the inner parts of the dissepimentarium ; in one or two corallites they continue 
into the tabularium as continuous plates, and are a little dilated there. There 
are a few discrete cross-bar trabeculae developed in the peripheral parts where 
the septa are suppressed. Minor septa are usually not developed at all, but in 
places they are represented by short crests on the dissepiments. The 
dissepiments are large and globose, often nearly circular in transverse section 
of the corallum in the outer parts where they can develop free of interference 
from the septa. In the interseptal loculi they are somewhat irregular, sometimes 
geniculate or inosculating. The tabularium is narrow, only about 10 mm. 
wide, and the tabular floors are horizontal or sagging, formed either of complete 
tabulas or of globose tabellae somewhat larger than the dissepiments. The 
dissepiments in vertical section are horizontally based near the periphery, but 
towards the axis become more and more inclined until at the tabularium they 
are vertical. 

Remarks. There are many solitary coralla in the limestones around 
Tamworth which belong to the genus MesophyUum, but I have thin sections 
from four coralla only. The sections appear to provide evidence that the species 
is very variable, one showing the major septa projecting into the tabularium and 
only a little withdrawn from the periphery, another with them developed as a 
collar in the inner half of the dissepimentarium, a third with only short segments 
developed only in this inner half, and the fourth with practically no septal 
segments at all. In none are the minor septa developed. But with so few 
sections, the evidence is incomplete, and the species cannot be accorded its full 
potential value for detailed stratigraphical correlation. The structure described 
above as typical is very like that of Hemicosmophyllum corticosum Wedekind and 
Vollbrecht from the Gerolstein railway cutting, in the Eifel, in the lower part 
of the Stringocephalus (Givetian) beds, and of the sub-genus Atelophyllum 
Wedekind from the upper Honsel beds of Ernst, near the top of the lower part 
of the Stringocephalus beds. The species is distinguished from the north Queens- 
land Givetian M. collare Hill (1942, p. 246) by the absence of minor septa. 

Family Disphyllidse ; Hill, 19395, p. 224. 

Genus Dlsphyllum de Fromentel ; Lang and Smith, 1935, p. 544. 

Disphyllum robustum (Etheridge). (PI. IV, figs. 5, 6.) 
Diphyphyllum robustum Etheridge, 1899, p. 153, pi. XXXII, figs. 1, 2, 
pl. XXXVII, fig. 2 ; Moore Ck. limestone, Moore Ck., near Tamwortji. 

Holotype. M 571, Eth. Australian Museum Collection, Moore Ck., figd. 
Etheridge, pl. XXXII, fig. 1. 
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Diagnosis. Phaeeloid Eugosa with three or four irregular series of dis- 
sepiments, minor septa but little shorter than major, and wide, close, complete, 
very slightly concave tabulae. 

Description. The corallum is phaeeloid, and the coraUites are long, straight 
and cylindrical, about 9 mm. in average diameter. There are typically 21 or 22 
septa of each order, the major extending about half-way to the axis, and the 
minor being almost as long. The septa are thin and broadly wavy. The 
dissepiments are unequal in size and inclination, arranged in three or four 
irregular vertical series, none of them of horse-shoe type. The tabularium, 
which is typically about 5 mm. wide, contains very closely spaced, usually 
complete and slightly sagging tabulae. 

Remarks. The morphology of this species is close to that of the American 
Couvinian group of species placed in Cylindrophyllum Simpson (which Lang and 
Smith have regarded as a synonym of Disphyllum), though the inequality of 
dissepiments distinguishes our species from the American. D. robustum is easily 
distinguished from P. porteri by the absence of horse-shoe dissepiments. 

Localities. Moore Ck., Springs Ck. 

Disphyllum cf. gregorll (Etheridge). (PI. IV, fig. 9.) 

A single transverse section, S.TJ. 7263, sent to me from the limestone in the 
N.E. part of Por. 248, Par. Burdekin, differs from the typical specimens from 
Queensland (Hill, 1942, p. 247) only in having fewer septa — 19 of each order as 
against 30. In Queensland th(( species is characteristic of the middle Givetian 
Burdekin series. 

Genomorph Phacellophyllum Gurioh ; Lang and Smith, 1935, p. 546. 

Phacellophyllum porteri (Etheridge). (PI. IV, figs. 7, 8.) 
Diphyphyllum ? porteri Etheridge, 1890, p. 19, pi. I, figs. 7-11, Tamworth. 

Type Material. Not traced. The species is interpreted on specimens 
named D. porteri by Etheridge in the Australian Museum collection, w'hich 
agree in all respects with his description. These are E 6199 from Springs (’k. 
and F 6149 from Moore Ck. 

Diagnosis. Phacellophyllum with the inner series of horse-shoe dissepiments 
and the outer series of flat dissepiments, and with complete, flat, distant tabulae. 

Description. The corallum is phaeeloid, and the corallites are long, slender 
and cylindrical, usually with the outer series of flat dissepiments weathered oft', 
when the diameter is 3 or 4 mm. ; when the outer series of dissepiments is 
preserved, the diameter may be 5 mm. There are 19 or 20 septa of each order at 
a diameter of 5 mm. ; these are usually minutely waved, and are somewhat 
dilated in the zone of the horse-shoe dissepiments, the dilatation extending over 
the surfaces of these dissepiments. The major septa extend half-way or less 
to the axis, and the minor septa go no further than the inner surfaces of the 
horse-shoe dissepiments. The horse-shoe dissepiments are very small, being 
less than 0*6 mm. wide, and are arranged fairly regularly one above the other 
in a single vertical series ; the outer flat dissepiments are also very small, similar 
in width to the horse-shoe plates. Usually this outer series is weathered off and 
the septa project from the corallite like the cogs from a cog-wheel. The tabute 
are complete, flat and distant. 

Localities. Springs Ck. ; Tamworth Common, 1 mile north of Tamworth ; 
Moore Ck. ; FoUington’s limestone in north part of Por. 252, Par. Burdekin. 

Remarks. The species indicates broadly a Givetian or Prasnian age. It 
differs from the European Givetian and Prasnian P. trigemme in not having an 
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outer series of tabellee decliniug to the tabulae, aud from the Frasniau P. minus 
in having an outer series of ^ssepiments. 

Genus PrismatophyUum Simpson ; Hill, 19396, p. 229. 

Prismatophyllum browiue sp. nov. (PI. Ill, figs. 4a, 46.) 

Holotype. S.U. 8162, limestone near Sulcor Quarry, Pors. 88 and 115, Par. 
Burdekin, near Attunga, N.S.W. ? Lower Couvinian. 

Diagnosis. PrismatophyUum with a regular cylinder of horse-shoe dis- 
sepiments girdling the tabularium, and numerous outer dissepiments typically 
declined from the cylinder to the periphery. 

Description. The corallum is cerioid, and the corallites are sub-equal and 
usually six-sided, of average diameter about 6 or 7 mm. There are 15 or 17 
septa of each order, the major nearly reaching the axis, usually leaving a very 
small axial space ; the minor septa extend a little over half-way to the axis. 
Both orders are somewhat dilated at the position of the cylinder of horse-shoe 
dissepiments. The dissepiments are small, and the series next to the tabularium 
is of horse-shoe shaped plates arranged in a regular cylinder ; the outer dis- 
sepiments are always in more than one series and typically they are declined 
from the cylinder to the periphery. There may be considerable extension of 
the dilatation of the septa over the surfaces of the horse-shoe dissepiments. 
The tabular floors are low, flat-topped domes, about 2 to a mm., the flat part 
being that in the axial space free from septa ; they are of complete tabulae, or of 
rather large flat tabellse. 

Remarks. This is the only species of PrismatophyUum known to me with 
horse-shoe dissepiments regularly developed into a cylinder. It differs from 
typical TrapezophyUum in that the outer ^ssepiments are not modified into flat 
plates. The age indicated is Devonian. S.U. 7236 from the N.E. part of 
For. 193, Par. Burdekin, has larger corallites, up to 10 mm. average diameter, 
and more septa (21 of each order), while in parts of some corallites the outer 
dissepiments are declined from the periphery to the cylinder. This represents 
a considerable variation from the typical, but I have too few specimens from 
Sulcor Quarry to give a full account of the variation possible at the type locality, 
and for the present the specimen from Por. 193 is included in P. brownce. 

Genus TrapezophyUum Etheridge ; Hill, 19396, p. 234. 

TrapezophyUum coulterl sp. nov. (PI. Ill, figs. 3a, 36.) 

Holotype. S.U. 6243, Sulcor Quarry, in Por. 88, Par. Burdekin, near 
Attunga. ? Lower Couvinian. 

Diagnosis. TrapezophyUum with major septa extending almost to the 
axis, and with septa thickened in the region of the horse-shoe dissepiments. 

Description. The corallum is cerioid, with unequal, four to six-sided 
corallites of average adult diameter about 6 mm. ; increase is peripheral, modifi- 
cations occurring in the outer dissepimentarium of larger corallites in small 
areas which quickly become epithecate hystero-corallites. There are on the 
average 14 major and 14 minor septa ; the major extend almost to the axis, 
leaving a more or less regular axial space ; the minor are a little over half as 
long ; both orders are dilated in the region of the horse-shoe dissepiments, and 
the dilatation extends over the surface of the horse-shoe dissepiments ; the 
dilating tissue consists of trabeculae grown at right angles to the horse-shoe 
dissepiments. The dissepiments are in two regular series, an inner cylinder 
of horse-shoe plates, and an outer of flat, tabula-like plates ; the tabular floors 
are horizontal, and are usually formed of a few elongate tabellse, occasionally 
of complete tabulae. 
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Remarks. The character of the dissepiments is diagnostic of the genus 
TrapezophyUum. The species shows some morphological resemblance to 
P. browncB, which has a series of horse-shoe dissepiments unusual in Prismato- 
phyUum but is without the modified outer dissepiments of TrapezophyUum. 
The only other known species of the genus is the genotype, T. elegantulum, from 
the ? Lower Devonian Loyola limestone of Victoria. 


Genus PhUlipsastraaa d’Orbigny ; Hill, 19396, p. 236. 

Phlllipsastrsea maculosa sp. nov. (PI. HI, figs. 5a, 56.) 

Holotype. S.U. 7268, S.U. Collection, Sulcor Quarry, Pors. 88 and 115, 
Par. Burdekin, near Attunga. f Lower Couvinian. 

Diagnosis. Astraeoid or partly thamnastKeoid Phillipsastrcea with tabulaiia 
about 3 mm. wide and 10-15 mm. apart from axis to axis, surrounded by a zone 
of thickened septa about 2 mm. wide, and by a peripheral zone wherein the 
septa are thin and irregularly carinate ; the dissepimentarial floors are arched in 
the zone of thickened septa, but are declined to the periphery outside this ; the 
tabular floors are horizontal. 

Description. The coraUum is astrseoid or thamnastrseoid, the common wall 
between corallites being absent, and is large ; the coraUites are from 10 to 15 mm. 
apart from axis to axis, while the tabularium of each eorallite is about 3 mm. 
wide. There are 16 or 18 septa of each order ; the major septa either stop just 
inside the tabularium, when they are but little longer than the minor, or extend 
almost to the axis, either as laminae or as discrete trabeculae ; these extended 
parts are usually somewhat curved or wavy. The septa are dilated in a zone 
about 2 mm. wide just outside the tabularium, but outside this zone they proceed 
to meet those of neighbouring corallites as thin, irregularly carinatt* plates ; 
they are either continuous from coraUite to coralUte, or terminate against a 
dissepiment in the interseptal loculus of a neighbour. The dissepiments are 
small and globose, and geniculate in transverse or tangential sections of the 
eorallite ; the dissepimentarial floors are arched in the zone of septal dilatation, 
but sag into the areas of junction of corallites. The tabular floors are horizontal, 
and are formed either of complete tabula; or of a few flattened tabellse. 

Remarks. The specimen from the ? Lower Devonian Loyola limestone of 
Victoria, figured by Hill (19396, pi. XVI, figs. 3, 4 only) as Phillipsastrcea speciosa 
is more similar morphologically to our new species than to the type specimen of 
P. speciosa, and is herein transferred to the new species, although the dimensions 
of the corallites in the Victorian specimen are generally smaller. The age 
suggested is Devonian, at an horizon near that of the ? Lower Devonian Loyola 
limestone. 


PhiUlpsastrsea Unearis sp. nov. (PI. Ill, figs. 6a, 66.) 

Holotype. S.U. 7266, Sydney University Collection, Sulcor Quarry, Pors. 
88 and 115, Par. Burdekin, near Attunga. ? Lower Couvinian. 

Diagnosis. Astraeoid or partly thamnastraeoid Phillipsastrcea with tabularia 
about 7 mm. apart from axis to axis, and 2 mm. in diameter, surrounded by a 
zone about 1| mm. wide in which the 10 or 12 septa of each order are radially 
arranged ; in the peripheral parts of the coraUites many of the septa are sharply 
curved to meet or interdigitate with those from neighbours. 

Description. The coraUum is astraeoid or thamnastraeoid, and the coraUites 
are from 6 to 10 mm. apairt from axis to axis. The tabularium of each coralUte 
is about 2 mm. in diameter, and the septa, of which there are from 10 to 12 of 
each order, either all end just inside the tabularium or else the major septa 
extend to or towards the axis, either as continuous laminae or discrete trabeciUae. 
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They are radiaUy arranged in a zone about l|-2 mm. wide outside the tabularium, 
but then curve more or less sharply to be confluent with or interdigitate with 
those of neighbours. The dissepimentarial floors are arched in the zone of radial 
arrangement of the septa, but sag between corallites ; the dissepiments are small, 
globose in longitudinal section of the corallum, but geniculate more often than 
curved in transverse sections. The tabular floors are horizontal, or slightly 
domed, and are formed of complete tabulae or of several arched or flattened 
tabellae. 

Remarks. The specimen from the f Lower Devonian of Loyola, Victoria, 
figured Hill (19396, pi. XVI, figs. 5, 6 only) as Phillipsastrcea sp. ind. probably 
belongs to this new species, although it differs in the absence of a marked zone 
of septal radiaUty, and in having septa minutely wavy instead of parallel-sided. 
The age indicated is Devonian, near the horizon of the ? Lower Devonian Loyola 
limestone. 


Phillipsastrsea carlnata Hill, 1942, p. 16. (PI. Ill, fig. 7.) 

One specimen, S.U. 7249, from east of Sulcor Quarry, Pors. 88 and 116, 
Par. Burdekin, near Attxmga, shows a transverse section identical with that of 
the type specimen from the Coblenzian Mt. Etna limestone of Queensland. 

Pbilllpsastrsea aperta sp. nov. (PI. II, figs. 7a, 76.) 

Holotype. 7289, Sydney University Collection, Por. 60, Par. Curra, west 
side of BeU K., opposite Wellington Caves, N.S.W. 

Diagnosis. Astrseoid Phillipsastrcea with widely spaced and but slightly 
thickened septa, with numerous small globose dissepiments, and with elongate 
tabellae arranged on slightly domed tabular floors. 

Description. The corallum is massive, the corallites are sub-equal, from 
12 to 16 mm. in diameter, and fairly regularly arranged. The septa of neigh- 
bouring corallites abut on one another ; they are straight in course, and are 
slightly thickened in the middle third of their length ; the major septa extend 
nearly to the axis, one septum, or two opposite septa being longer than the others 
and meeting or almost meeting at the axis. The minor septa extend more than 
three-quarters of the way from the periphery to the axis of the corallite. There 
are 19 or 20 septa of each order. The tabular floors are slightly arched and are 
formed of elongate tabellse closely spaced. The dissepiments are small and 
globose ; those about half-way between periphery and tabularium are 
horizontally based, but series outside and inside this slope gently down from it. 

Remarks. In the equality of the corallites and the comparative delicacy and 
openness of the tissue, this species resembles Radiastroea arachne Stumm, 
particularly the specimen figured by Merriam (1940, pi. 13, fig. 6) from the base 
of the Mid^e Devonian of the Xevada Formation, but it does not show the aulos 
described for this genus by Stumm (1937, p. 439). A specimen, 6199, S.U. 
Collection, has been collected from the Loomberah limestone, Por. 23, Par. 
Loomberah, Tamworth district, X.S.W. 

PhllllpsastrsBa callosa sp. nov. (PI. II, figs. 6a, 66.) 

Holotype. S.U. 6194, Por. 23, Parish of Loomberah, Loomberah limestone. 

Diagnosis. Partly aphroid PhiUipsastrcea with septa dilated and in contact 
laterally in zones of irreg^ar horizontal and vertical extent. 

Description. The corallum is partly aphroid, the corallites being in contact 
by their dissepimentaria, and partly thamnastrseoid with the septa of neighbour- 
ing corallites confluent. The tabularia are spaced from 8 to 10 mm. apart from 
axis to axis, and are about 2 nun. in diameter. There are 12 or 13 septa of each 
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order in the corallites ; they may extend only 1 mm. outside the tabularia, or 
may proceed to meet those of neighbouring corallites, there being no great 
regularity in the length. The major septa extend unequally into the tabularium, 
interdigitating at the axis. The thickening of the septa is characteristic of the 
species. It is very marked at different heights in the corallum, each horizon 
being a variable distance apart, and of variable lateral extent. When a trans- 
verse section cuts through one of these horizons, the septa may be so dilated 
as to be in contact laterally, filling the interseptal loculi, and extending far over 
the surface of the dissepimentarial floor at such horizons, where the corallum is 
usually thamnastrseoid. The greatest thickness of such an horizon as seen iu 
vertical section of the corallum is about 1 mm. The septal nature of this 
thickening is apparent, for it can be seen to be formed of numerous trabeculae. 
In other horizons, between such dilated zones, the septa are much thinner, and 
are usually not developed in the peripheral parts of the corallites, so that the 
corallum is usually aphroid. The dissepiments are small and numerous and, 
as described above, often carry the thickened lateral extensions of the septa. 
The tabulae are small, shallowly concave and close. The dissepimentarial floors 
are arched just at the tabularial margins, but sag between th<* tabularia. 

Remarks. The irregular thickening of this species appears characteristic, 
though only two specimens, both from the same locality, have been examined. 
The arrangement of the trabeculae in the septa appears to be not quite character- 
istic of the genus, but pending the discovery of richer material it seems best to 
include the species in Phillipsastrcea. No comparable species is known elsewhere. 

Family Endophyllidae ; Hill, 1942, p. 251. 

Genus Endophyllum Edwards and Haime ; Hill, 1942, p. 251 . 

Endophyllum of. abditum Edwards and Haime. (PI. IT, figs. 8o, 86.) 

One specimen, 6196, S.IJ. Collection, from the Loomberah limestone in 
I’or. 23, Par. Loomberah, on the west bank of Sandy Ck., is comparable with 
the English cerioid species described by Edwards and Haime (1853, p. 233, 
pi. LIl, fig. 6) and Jones (1932, p. 87, pi. X, figs. 3, 4). The corallites are large, 
polygonal but somewhat elongate in transverse section, the longer diameter 
being about 30 mm. and the shorter 20 mm. There are about 24 major septa, 
which extend half-way or more across the tabularium, and alternating minor 
septa extend to the edge of the tabularium. The major septa are usually slightly 
curved near their axial edges, but the curvature is not regular in the only two 
corallites examined. The septa are thickened and in contact at their bases, and 
are lonsdaleoid, i.e. discontinuous through the large dissepiments ; the crests on 
these lonsdaleoid dissepiments are also thickened, so that those of neighbouring 
septa are in contact. The tabularium is about half as wide as the coralUte ; 
the tabulae are tall close domes with upturned edges, their regularity somewhat 
broken by the axial parts of the septa. The dissepiments are steeply inclined, 
those of the outer series are lonsdaleoid and very large, bearing the dilated 
septal crests ; those of the inner series are small and unthickened. 

Remarks. The corallum differs from figured specimens of the EngUsh 
species in having fewer and thicker septa with great dilatation over the surfaces 
of the lonsdaleoid dissepiments. In Europe the species is broadly Middle 
Devonian ; in Asia it is Lower Middle Devonian. A variety occurs in the 
Givetian Burdekin limestones in Queensland. 

Genus Sanldophyllum Etheridge, 1899, p. 154. 

Genotype. SanidophyUum davidis Etheridge, 1899, p. 164, pi. XVI, XVII, 
fig. 1 ; XIX, fig. 7 ; XX, figs. 4 and 6 ; and XXXVIII, fig. 2. Moore Ck. 
limestone, “ Moore Ck., 1 mile north of Tamworth ”. 
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DiagnoBis. Ciompound Bugosa with periodic rejuvenescence ; the cylindrical 
corallites have a narrow peripheral stereozone without dissepiments ; periodically 
the stereozone of each corallite expands into a hliiform caUce, and meets the 
expansions from others, so that the periodically succeeding calical surfaces are 
like those of a cerioid corallum ; rejuvenescence rapidly occurs, and a corallite 
of normal diameter grows from each caUce straight up for some distance, and 
then expands again into a Miform calice ; the major septa may be long, meeting 
at the axis, where they may be vertically rotated ; the minor septa do not extend 
beyond the stereozone ; the tabuhe are flattened domes, which sometimes sag 
axially. 

Eemarks. The growth form of Sanidophyllvm, is similar to that made 
familiar to students by Lambe’s (1901) figures of Eridophyllum ooUigatum ; 
with the difference that whereas the lateral calical expansions have dissepiments 
in the Canadian species, in the Australian genus the expansions are of a peripheral 
stereozone without dissepiments. The genus has been referred to the Endo- 
phyllidse ; but the complete absence of lonsdaleoid dissepiments may indicate 
that its affinities are elsewhere. It may perhaps belong to the Mycophyllidse, 
which have a peripheral stereozone without dissepiments, and Ifliflorm calices 
in some species ; but the septa of the Mycophyllidae are amplexoid, and are 
formed of closely spaced Naic plates not seen in Sanidophyllum. Or it may be 
related to the Silurian genus Codonophyllum, which indeed has trochoid and 
sometimes liliiform calices, domed tabular floors and a peripheral stereozone 
without dissepiments, but is without the regular rejuvenescence of our genus, 
whose septal structure again is not of the type seen in Codonophyllum. It seems 
that the affinities of Sanidophyllum may be determined when our knowledge of 
septal structure increases ; but in the meantime it is left somewhat doubtfully 
in the Endophyllidse. 


Sanidophyllum davidls Etheridge. (PI. IV, fig. 10.) 

Sanidophyllum davidis Etheridge 1899 p. 154, pis. XVI ; XVII, fig. 1 ; XIX, 
fig. 7 ; XX, figs. 4, 5 ; XXXVIII, fig. 2. “ Moore Ck., 1 mile north 
of Tamworth ”. Moore Ck. limestone. 

Type Material. Untraced, possibly in Australian Museum. 

Diagnosis. Sanidophyllum in which the cylindrical corallites are distant, 
the calical expansions are nearly horizontal, the peripheral stereozone of the 
cylindrical portion is narrow, and the septa are typically withdrawn from the 
axis. 

Description. The corallum is very large, with periodic rejuvenescence ; 
the corallites are cylindrical and distant, but periodically all of them have calical 
expansions ; those from neighbours joining, so that a cerioid calical platform 
results. The cerioid platforms rise steeply from the cylindrical parts at first, 
but then turn outwards more or less sharply to form practically horizontal 
platforms. The individual corallites are from 10 to 20 mm. in diameter in 
their cylindrical parts, but the cerioid parts, at the positions of the calical 
expansions, may be up to 40 mm. in diameter. The cylindrical parts are epi- 
thecate and vary in distance apart, usually from 12 to 22 mm., and the vertical 
distance between the calicular platforms is from 8 to 25 mm. In the cylindrical, 
parts of the corallites there is a very narrow peripheral stereozone formed by the 
dilatation of the bases of the septa ; there are from 25 to 28 septa of each order, 
the minor being extremely short, mere bases on the wall, and the major being 
typically very short, about 2 mm. long, although occasionally they may extend 
almost to the axis ; when this occurs they are usually straight, though in some 
cases a slight rotation of the axial ends may be observed. The tabular floors 
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are flat topped or sagging domes, and are formed either of complete tabulse or 
of tabellse, the latter often reinforcing the margins of the flat top of the dome. 
There are no dissepiments. 

Remarks. There is an error in the locality given by Etheridge, for it is 
Springs Ck., and not Moore Ck., which is 1 mile north of Tamworth. As Sanido- 
phyllum is unknown elsewhere, the species is of no assistance in determining the 
age of the Moore Ok. limestone. 

Localities. Moore Ck., Springs Ok., in S.W. corner of Por. 264, Par. 
Burdekin. 

Sanidophyllum colUgatum (Etheridge). (PI. IV, figs. 11, 12.) 

Endophyllum schluteri var. eolligatum Etheridge, 1920, p. 66, pi. XIIT, figs. 1, 2. 

Moore Ok. limestone, Moore Ck. (D. A. Porter). 

Type Material. Whereabouts at present unknown. 

Diagnosis. Sanidophyllum with corallites very close together and with 
narrow, rather highly inclined and dilated calical expansions, with a wider 
peripheral stereozone than in the type species, and with more and longer septa, 
which typically extend to the axis and are slightly rotated vortically there. 

Description. The corallum is very large, and consists of alternating 
cylindrical and cerioid calical portions, repeated by rejuvenescence which is 
simultaneous in all corallites in the corallum. The individual corallites may be 
as wide as 26 mm. in their cylindrical parts, and 30 mm. at the cerioid junctions 
of their calical expensions. The expanded calical margins are about 2 mm. 
thick from epithecal surface to upper surface, and are 5 mm. or more apart. 
They rise steeply from the cylindrical portion to meet one another at an acute 
angle. The cylindrical parts of the corallites are fairly close together, e.g. from 
0 to 4 mm. There are from 30 to 33 septa of each order, each dilated at the 
periphery to form a stereozone about 2 mm. wide ; the minor septa proceed but 
little inside this stereozonc, but the major septa usually extend to the axis, 
where they may be rotated vortically ; they are much thinner inside the 
peripheral stereozone, though there may be some dilatation near the axis. 
There are no dissepiments at all. The tabular floors are domes or flattened 
domes with upturned edges. They may consist of complete tabulae, or of 
elongate tabellae. 

Remarks. Although the type material is at present unavailable, I am 
satisfled that the figures given by Etheridge show that the form which he 
considered to bo a variety of Endophyllum schluteri is really a species of Sanido- 
phyllum. Nowhere in the figures can any trace of lonsdaleoid dissepiments, 
so characteristic of Endophyllum, be found. The expansions from the cylindrical 
parts of the corallites are in aU cases calical stereozones, as in Sanidophyllum, 
and not dissepimental tissue, as in Endophyllum. The cylindrical parts of the 
corallum in Endophyllum are merely tabularia, while in Sanidophyllum and in 
Etheridge’s E. eolligatum they are the sub-calical parts of the coraUite and 
contain the whole lumen. The species differs from S. davidis in the greater 
width of the cylindrical parts, the greater thickness and closeness and higher 
inclination of the lateral expansions, the greater width of the stereozone and 
the greater number of septa. No comparable species is known elsewhere, so it 
does not assist in age determination. 

Localities. Moore Ck. ; limestone in Por. 127, Par. Burdekin ; in central 
eastern part of Por. 264, Par. Burdekin ; in central eastern part of Por. 249, 
Par. Burdekin. All Moore Ck. horizon. 

M — Auffust 5, 1942. 
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Family Entelophyllidse ; Hillj 19405, p. 410. 

Genus Eridophyilum Edwards and Haime; Hill, 1940c, p. 270. 

Eiidophyllum bartruml Allan ; Hill, 1940c, p. 271. (PI. Ill, figs. 8a, 85.) 

There are a large number of coralla of rather regular phaceloid growth, 
with stout corallites, from the Sulcor Quarry in Pors. 88 and 115, Par. Burdekin, 
near Attunga, which have the internal structure of E. bartrumi ; the spacing 
of the plates is however a little more open and regular than in the typical speci- 
mens, and it may be that the Attunga forms represent a local variant, although 
they are not herein separated from the species. The species is now known from 
the Lower Middle Devonian of New Zealand, from the Murrumbidgee and 
Goodradigbee limestones and from the Couvinian limestones near Geurie, in the 
Wellington district, and from the Tamworth Province in the Sulcor Umestone, 
while there is a very closely similar species from the lower part (see Merriam, 
1940, p. 9) of the Middle Devonian Nevada limestone of the U.S.A., namely 
Disphyllum occidens Stumm (1938, pi. 59, fig. 3). 

Family Favistellidae ; Hill, 19395, p. 240. 

Genus Favlstella Hall j Hill, 19395, p. 240. 

Favlstella cf. rhenana (Freeh). (PI. IV, fig. 13.) 

A single transverse section (S.U. 7268) resembling F. rhenana as described 
by Hill (1942, p. 263) from the Givetian Burdekin limestones of north Queens- 
land, has been sent to me from the limestone in Por. 264, Par. Burdekin, near 
Attunga. It differs from the Queensland material only in having 24 as against 
a maximum of 20 septa of each order. The horizon is probably that of the 
Moore Ok. limestone. 

Favlstella nemlnghensls (Etheridge). (PI. II, figs. 4a, 45.) 

dolumnaria neminghensis Etheridge, 1918, p. 50, pi. VHI, pi. IX, Por. 181, 
Par. Nemingha, Co. Parry, Tamworth District ; Lower Limestone of 
series (i.e., probably Nemingha Limestone). 

Holotype (by monotypy). Australian Museum 903 (from Mines Dept., 
N.S.W. specimen 6099). 

Diagnosis. Cerioid Favistella with corallites about 3 mm. in diameter, with 
typically twelve major septa extending to the axis, where their axial edges are 
turned aside, very short minor septa and flat tabulae with down-turned edges. 

Description. The corallum is cerioid and mushroom shaped, the type (the 
only specimen known) measuring 16 cm. xl2-6 cm. The corallites are straight 
and five- or six-sided, with moderately thick walls, and are of an average diameter 
of 3 mm., although corallites of 4 mm. occur. There are typically 12 major 
septa which are thin axially, but thicken slightly wedge-wise to the periphery, 
where their dilated ba>ses are in contact with those of the minor septa to form the 
wall. They are long, reaching to the axis, where their axial ends are turned aside 
irregularly, and interd^tate with one another. The minor septa are very short 
or sometimes do not appear. There are no dissepiments. The tabulsB are 
complete, parallel and rather distant, being horizontal with down-tinned margins. 
The individual trabeculse of the septa may be traced in suitable longitu^al 
sections. 

Bemarics. The species has fewer septa (12 as against 18) than the Middle 
Devonian F. devonioa (Schluter) from the Eifel, and the Upper Silurian F. got- 
landica (Edwards and Haime). 
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Family Mictophyllldse ; Hill, 1940c, p. 264. 

Genus Mlctophylium Lang and Smith ; Hill, 19396, p. 246 ; 1940c, p. 266. 

Mlctophyllum cf. cresswelU (Chapman). (PI. Ill, tig. 9.) 

Large individuals (8.U. 7247, 7285) occur in the Sulcor Limestone, in 
Pors. 88 and 115, Par. Burdekin, near Attunga, with diameters from 40 to 55 mm. 
There are 51 major and 51 minor septa ; the minor septa extend about half-way 
to the axis, and the major extend somewhat unequally to the axis, with some 
slight curvature, and with slightly unequal interseptal loculi. The septa are a 
little dilated in the dissepimentarium, the dilatation increasing towards the 
periphery, although in the same direction the dilatation tends to become replaced 
by numerous small lateral dissepiments. The dissepiments are numerous, small 
and close, and many are geniculate in transverse section of the corallum. The 
tabularium is wide, equal to about half the diameter of the corallum, and the 
tabular floors are domes with upturned margins, formed by rather large tabellae. 

Remarks. The specimens differ from typical M. cresswelU (Chapman ; 
Hill, 19396, p. 246) from the Lower or Middle Devonian limestone of Lilydale in 
Victoria in the larger number of septa, and in t he absence of sections of the early 
stages, we do not know whether the characteristic peripheral stereozone of th(‘ 
early stages of M. cresswelU is present in the Attunga specimens. They differ 
from the lower Middle Devonian M. trochoidcs of the Murrumbidgee formation 
in the type of septal dilatation in t he mature corallum. 

Family Mycophyllidse ; Hill, 1940a, p. 156. 

Genus Pseudamplexus Weissermel ; Hill, 1940o, p. 157. 

Pseudamplexus prlnceps (Etheridge) ; Hill and Jones, 1 940, p. 185. 

One specimen, 8.U. 7247, from the Sulcor limestone in For. 115, Par. 
Burdekin, near Attunga, is placed in this Lower and Lower Middle Devonian 
species. 


Family Pycnactidae ; Hill, 19406, p. 401. 

It seems very likely that the two genera Hallia Edwards and Haime and 
Aulacophyllum Edwards and Haime, as interpreted by Sloss (1939, p. 63) are 
members of the Pycnactidae, as they have the septal dilatation lasting longer in 
the tabularium than in the dissepimentarium, and in the cardinal quadrants 
longer than in the counter ; while the cardinal sept um may sometimes be very 
long in Hallia ; the tabulae of their type species have not been adequately 
described. 


Genus Aulacophyllum Edwards and Haime. 

Stewart, 1938, p. 29, Columbus (? Couvinian) limestone of Ohio. 

Sloss, 1939, p. 63, transverse limestone of Michigan, ? Givetiao. 

Genotype. Avlacophyllum sulcatum (d’Orbigny), Falls of Ohio. 

Diagnosis. Solitary Bugosa with long septa with septal dilatation in the 
tabularium reduced from the axis outwards and from counter to cardinal 
quadrants, and with the septa of the cardinal quadrants curved Inwards the 
cardinal fossula. 

Remarks. The genus is insufficiently understood, as we have no good 
descriptions or figures of the tabular floors or tabell®. In America it occurs in 
the Middle Devonian, in the f Couviuian Columbus limestone and the ? Givetian 
Traverse limestone. No authentic occurrences of the genus in Europe are known 
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to me. The Siliuian European species placed in the genus by Edwards and 
Haime, Hippurites mitratus Schlotheim, partim, is a species of Pycneustig. 

Autacophyllum trizonatum sp. nov. (PI. Ill, figs. 10, 11, 12.) 

Holotype. S.U. 7246, Sulcor limestone, Por. 88, Par. Burdekin, near 
Attunga, Tamworth. ? Lower Couvinian. 

Diagnosis. Aulacophyllum with a narrow axial zone containing the curved 
axial ends of a few major septa which are longer than the others, with about 
50 septa of each order at a diameter of 50 mm., and with broadly domed tabulse. 

Description. The corallum is large, curved and trochoid, the greatest 
diameter observed being 60 mm. There are 46 to 50 septa of each order. In 
early stages the dissepimentarium is narrow, only 3 mm. wide at 30 mm. diameter, 
while the tabularium is 26 mm. The major septa are long, and most of them stop 
equally short of the axis, some few proceeding with irregular curvature into the 
narrow axial space thus formed ; they are so dilated that the tabularium is 
completely filled ; the outer parts of the septa in the tabularium are somewhat 
recrystallised, in the manner characteristic of Pyenactis. In older stages the 
dissepimentarium widens, up to 13 mm. when the tabularium is 30 mm. in 
diameter ; the septa lose their great dilatation, except in a zone about 8 mm. 
wide around the outer cardinal parts of the tabularium ; the axial space con- 
taining the few irregularly curved long septal ends persists. In all stages the 
septa of the cardinal quadrants are curved towards the cardinal fossula. The 
cardinal septum is shorter than the rest. The dissepiments are rather large and 
distant, and some are geniculate in transverse section of the corallum. They 
are steeply inclined and rather flat. The tabular floors arc broadly domed, with 
an axial depression, and consist of large tabelhe. 

Remarks. None of the American Middle Devonian species is very close to 
this Australian form. 


Family Rhabdocyclidse ; Hill, 19406, p. 404. 

Genus Tryplasma Lonsdale ; Hill, 19406, p. 405. 

Tryplasma sp. 

A phaceloid corallum, S.U. 6242, with corallites 3-4 mm. in diameter occurs 
in Por. 192, Par. Attunga, on the west side of Boundary Creek, north of Moore 
Creek, in a limestone correlated by Dr. Ida Brown with the Nemingha. The 
septa are short and acanthine, the tabulse horizontal and distant, and there arc 
no dissepiments. The age suggested is pre-Middle Devonian. 

? Tryplasma sp. (PI. IV, fig, 14.) 

Fragments of cylindrical corallites occur in S.U. 7186 from Por. 262, Par. 
Burdekin, in FoUington’s limestone, which is correlated with the Oivetian Moore 
Ck. limestone. The corallites are about 16 mm. in diameter, and bear very short 
septa, 1*6 mm. long, each consisting of a single series of discrete trabeculse, 
growing upwards at a very slight angle from the horizontal. It cannot be 
ascertained, however, whether the trabeculae are rhabdacanths, as in unaltered 
Tryplasma, or whether they are holacanths set in lamellar sclerenchyme, as is 
found when recrystallisation has affected Tryplasma. For this reason, and 
because Tryplasma is not elsewhere known above the top of the Lower Devonian, 
the specimen is only doubtfully placed in the genus. The tabulae are complete, 
and distant, about 4 mm. apart. 
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Family Spongophyllidse ; Hill, 1939a, p. 68 ; 1942, p. 264. 

Genus Spongophyllum Edwards and Haime, Hill, 1939a, p. 60. 
Spongophyllutn giganteum Etheridge. (PI. IV, figs. 16a, 166.) 

Etheridge, 1899, p. 168, pi. XX, figs. 1-3 ; XXXVIII, fig. 3. Moore Ck. Ume- 
stone, Moore Ck. 

Jones, 1932, p. 64, text-fig. 1. 

New localities for this species are : north part of Por. 262, Par. Burdekin ; 
N.E. part of Por. 248 (probably 232), Par. Burdekin ; and 8. of Moore Ck. 
All are considered to be equivalent to the Moore Ck. limestone. In the specimen 
S.U. 7236 from Por. 248 (probably 232), the coraUites are smaller than is typical, 
being only 10 mm. in diameter or less, and having rather fewer septa than the 
types, only 17 of each order being counted as against the 20 to 26 previously 
described, while the lonsdaleoid portion of the dissepimentarium is very narrow or 
even absent in parts. Nevertheless it seems that this specimen is a member of 
the species, for in S.U. 7161 from the north part of Por. 252, similar small coraUites 
occur with the typical larger ones with wide dissepimentaria. 

Spongophylliim halysitoides Etheridge ; HiU, 1940a, p. 162. (PI. II, figs. 5a, 66.) 

The type specimen, AustraUan Museum 187, P 16453, is from the Nemingha 
limestone, road near Beedlc’s Farm, Moonbi, Co. IngUs, N.S.W. Another 
specimen, A.M. 206 (h’ 6760) is labelled as from Moore Ck., near Tamworth, 
collected by D. A. Porter in 1900. Tliis record suggests that Umestones of 
Nemingha horizon outcrop on Moore Ck., as well as those of typical Moore Ck. 
horizon. 


Spongophyllum ?lmmersum Hill, 1942, p. 264. 

S.U. 7169 from the Moore Ck. limestone in the south end of Por. 137, Par. 
Woolomol, and S.U. 7154 from Por. 61, Par. Woolomol, are phaceloid coraUa 
which from the width of the coraUites and the presence of a border of lonsdaleoid 
dissepiments appear to be referable to this species, but preservation is so poor 
that the arrangement of the axial septal ends cannot be discerned. The species 
is known elsewhere only from the Givetian Burdekin Downs Umestone of 
Queensland. 

Stiingophyllum bipartitum HiU, 1942, p. 261. (PI. IV, fig. 17.) 

Two specimens (S.U. 7191, 7196) from the Umestone in Por. 127, Par. 
Burdekin, near Attunga, N.S.W., are of a phaceloid species, the individual 
coraUites of which are indistinguishable from those of Stringophyllum bipartitum, 
except that the minor septa are somewhat more frequently developed as con- 
tinuous plates rather than septal crests, than in the Queensland specimens. 
It thus seems that 8. bipartitum is really a phaceloid species, as was suspected 
from the association of specimens in the Queensland Umestone. In Queensland 
it occurs in the Givetian Burdekin Downs Umestone, and the N.S.W. occurrence 
is in a limestone correlated with the Givetian Moore Ck. Umestone. 

Stringophyllum densum sp. nov. (PI. IV, fig. 16.) 

Holotype. S.U. 7193, Por. 127, Par. Burdekin, north of Sulcor Quarry, 
near Attunga ; Givetian. 

Diagnosis. Phaceloid Stringophyllum with slender coralUtes with a wide 
peripheral stereozone which may be replaced sporadically by lonsdaleoid 
^ssepiments. 
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Description. The corallum is phaceloid^ but the only specimen known has 
been considerably battered, so that the corallites are lying irregularly in the 
matrix. They are about 6 mm. in average diameter. There are about 12 or 
14 septa of each order, which are dilated and in contact peripherally and consist 
of discrete trabeculas axially. Frequently the peripheral stereozone may be 
suppressed, on the appearance of a series of large lonsdaleoid dissepiments ; or 
sometimes the minor septa may be suppressed, and large dissepiments develop 
between the major septa. The minor septa do not extend so far towards the 
axis as the major, but it is frequently difficult to distinguish them. There is 
often a single series of large lonsdaleoid dissepiments, and the tabulae are complete, 
concave plates. 

Remarks. The peripheral stereozone is unknown in any other species of 
Stringophyllum, which genus is characteristic of the Middle Devonian, particularly 
of the Givetian. 
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Explan ziTiox op Plates. 

Plate II. Kugosa prom the Nemingha and Loomberah Limestones 

AND Equivalents. 

All figures X 1 • 2 diameters approximately. 

Fig. 1. — Acanthophyllum cf. nianafieldenae (Dun). S.U. 7254, Por. 256, Par. Burdekin. ? Nemingha 
equivalent. Transverse section. 

P'ig. 2. — Lyrielaama floriforme sp. nov. Holotype, S.U. 7252 limestone in middle of south 
boundary, Por. 227, Par. Burdekin. ? Nemingha equivalent, a, Transverse and 6, vertical 
section. 

Fig. 3. — Cyatiphyllum ” rnultitrabeculatum sp. nov. Holotype, S.U. 7214, limestone in Por. 15, 
Par. Burdekin. ? Nemingha equivalent, a. Transverse, and 6, vertical section. 

Fig. 4. — Paviatella neminghenaia (Etheridge). Holotype, A.M. 903, F 5099, Por. 181, Par. 
Nemingha, Co. Parry, Tamworth District ; lower limestone of series (i.e., probably Nemingha). 
a. Transverse, and 6, vertical section. 

Fig. 5. — Spongophyllum h<dyaitoidea Etheridge. Holotype, A.M. 187, F 16453, road near Beedle’s 
Farm, Moonbi, Co. Inglis, N.S.W. Nemingha limestone, a. Transverse, and 6, vertical 
section. 

Fig. 6. — PhiUipaaatrcBa callosa sp. nov. Holotype, S.U. 6194, Por. 23, Par. Loomberah, 
Loomberah limestone, a, Transverse, emd 6, vertical section. 

Fig. 7. — PhiUipaaatraaa aperta sp. nov. S.U. 6199, Por. 23, Par. Loomberah, Loomberah lime- 
stone. a. Transverse, and 6, vertical section. 

Fig. 8. — Endophyllum cf. aJbditum Edwards and Haime. U.S. 6196, Por. 23, Par. Loomberah, 
Loomberah limestone, a. Transverse, and 6, vertical section. 

Fig. 9. — Xyatriphyllum mitchelli (Etheridge). S.U. 7251, south-west corner of Por. 248, Par. 
Burdekin. Horizon unknown. Transverse section. 
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Plate III. Puoosa feom the Coxjvinian Sulcob Limestone. 

All iigureB X 1 * 2 diameters approximately. 

Fig. 1 . — ? Dohmophyllum sp. S.U. 7262, Pors. 88-115, Far. Burdekin. Transverse section. 

Fig. 2. — XystriphyUmn magnum sp. nov. Holotype, S.U. 7270, Sulcor Quarry, Pors. 88-115, 
Par. Burdekin. a, Transverse, 6, vertical section. 

Fig. 3. — TrapezophyUum covUeri sp. nov. Holotype, S.U. 5243, Por. 88, Par. Burdekin. a, Trans- 
verse, and 6, vertical section. 

Fig. 4. — Prismatophyllum broumce sp. nov. S.U. 7246, Sulcor limestone, N.E. of Attunga. 
o. Transverse, and 6, vertical section. 

Fig. 5. — PhiUipsastrasa maculosa sp. nov. (a) Holotype, S.U. 7268, Pors. 88-115, Par. Burdekin. 

Transverse section. (6) S.U. 7269. Same locality. Vertical section. 

Fig. 6. — PhiUipsastrasa linearis sp. nov. Holotype, S.U. 7266, Pors. 88-115, Par. Burdekin. 
a, Transverse, and 5, vertical section. 

Fig. 7. — PhiUipsastrasa carinata Hill. S.U. 7249, east of Sulcor Quarry, Pors. 88-115, Par. 
Burdekin. Transverse section. 

Fig. 8. — Eridophyllum hartrumi (Allan), a, S.U. 7265, Pors. 88-115, Par. Burdekin. Transverse 
section. 6, S.U. 7267. Same locality. Vertical section. 

Fig. 9. — MictophyUum cf. cresswelli (Chapman). S.U. 7247, Pors. 88-115, Par. Burdekin. 
Transverse section. 

Fig. 10. — AulacophyUum trizonatum sp. nov. Holotype, S.U. 7245, Por. 88, Par. Burdekin. 
Transverse section. 

Fig. 11. — Avlcusophyllum trizonatum sp. nov. S.U. 6212, Por. 88, Par. Burdekin. Transverse 
section, young stage. 

Fig. 12. — AulacophyUum trizonatum sp. nov. S.U. 7242, Pors. 88-115, Par. Burdekin. Vertical 
section, through calioe. 


Plate IV. Rugosa pbom the Moore Ok. Limestone and Equivalents. 

All figures xl*2 diameters approximately. 

Fig. 1. — DohmophyUum sp. A.M. 179, F 6199, Moore Ck. limestone in Springs Ck. o. Trans- 
verse, and h, vertical section. 

Fig. 2. — '' Campophyllum cf. lindstromi (Freeh). A.M.F. 6201, Springs Ck. a. Transverse, 

and 6, vertical section. 

Fig. 3. — Mesophyllum cornubovis (Etheridge). A.M. 883, F 16410, Attunga. Transverse section. 

Fig. 4. — MesophyUum cornubovis (Etheridge). A.M.F. 6798, Moore Ck., near Tamworth. Vertical 
section. 

Fig. 5. — Disphyllum rohustum (Etheridge). Holotype, M 571 Eth., A.M., Moore Ck. Transverse 
section. 

Fig. 6. — Disphyllum robustum (Etheridge). A.M. 164, F 6184, Springs Ck. Vertical section. 

Fig. 7. — PhaceUophyUum porteri (Etheridge). A.M.F. 6149, Moore Ck. Transverse section. 

Fig. 8. — PhaceUophyUum porteri (Etheridge). A.M. 166, F 6199, Springs Ck. Vertical section. 

Fig. 9. — Disphyllum cf. gregorii (Etheridge). S.U. 7263, north-east part of Por, 248, Par. 
Burdekin. Transverse section. 

Fig. 10. — SanidophyUum davidis Etheridge. S.U. 5251, Moore Ck. limestone, 2 miles south of 
Moore Ck. Obliquely transverse section. 

Fig. 11. — SanidophyUum colligatum Etheridge. S.U. 5245, Por. 264, Par. Burdekin. Transverse 
section. 

Fig. 12. — SanidophyUum coUigatum Etheridge. A.M. 199, F 6161, Moore Ck. Vertical section. 

Fig. 13. — FamsteUa cf. rhenana (Freeh). S.U. 7258, Por. 264, Par. Burdekin. Transverse 
section. 

Fig. 14. — PTryplasma sp. S.U. 7186, Por. 252, Par. Burdekin. a. Transverse, and b, vertical 
section. 

Fig. 15. — SpongophyUum giganteum Etheridge. S.U. 7235, south-east part of Por. 232, Par. 
Burdekui. a. Transverse, and 6, vertical section. 

Fig. 16. — StringophyUum densum sp. nov. Holotype, S.U. 7193, Por. 127, Par. Burdekin, north 
of Sulcor Quarry. 

Fig. 17. — StringophyUum bipartitum Hill. S.U. 7195, Por. 127, Par. Burdekin, near Attunga. 
Transverse section. 
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1. Inteoduction. 

The area under consideration is situated north-east of Attungu, a village 
on the Manilla Eoad, about thirteen miles north of Tamworth. It lies in the 
region of the Great Serpentine Belt, which is known to geologists by the researches 
of David and Pittman (1899) and W. N. Benson (1913-1918). 

Outcrops of the limestones were mapped by L. J. Jones (1919) during the 
course of a State Survey of limestone deposits, but no detailed stratigraphical 
survey of the district has hitherto been attempted. 

The present work is the result of an invitation of Mr. E. D. Coulter, Manager 
of Sulcor Quarry, four miles north of Attunga, to collect and examine large 
brachiopods (StHngocephalus sp., cf. 8. Defrance), which he had discovered 

in limestone north of the Quarry. As 8. burtini is an important zone-fossil in 
the Middle Devonian of the Northern Hemisphere, it was considered desirable 
to ascertain the stratigraphical position of the Siringocephalus limestone in 
relation to the coral limestones of the Attunga and Tamworth districts. C'onse- 
quently, all the limestone outcrops in the Parish of Burdekin and adjacent 
parishes have been examined and mapped, and collections have been made of 
fossils from all outcrops. On the basis of the field and laboratory study it has 
been found possible to work out the stratigraphical succession and some details 
of the geological structure in the Attunga district and to suggest correlations 
with formations in the Tamworth district and elsewhere. 

The principal fossils collected are Eugose and Tabulate corals, stromato- 
poroids, Bryozoa, Brachiopoda and a few Mollusca. Many of these are species 
which were named and described from the Tamworth district by E. Etheridge, 
Junr. (1899) and W. 8. Dun in Benson (1918) ; some are forms that previously 
were not known to occur in the Tamworth Province, but which had been found 
in the Devonian of the Murrumbidgee district and in other parts of eastern 
Australia ; others again are species new to science. 

N — August 6, 1942. 
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The Rugose corals have been sectioned and sent for examination to Dr. 
Dorothy Hill of the University of Queensland ; these have been described in a 
separate communication (Hill, 1942). It is hoped that the other groups will be 
similarly treated. 

The writer is specially indebted to Mr. and Mrs. E. D. Coulter and family, 
of Attunga, for kindness and hospitality during the course of field work. The 
field-expenses of two visits to Attunga and Tamworth, in November, 1940, and 
February, 1942, were covered by a grant from the Commonwealth Research 
Fund administered by the University of Sydney. 

2. PEEVioirs Investigation. 

The sequence within the Tamworth Series south of Moore (.'reek was worked 
out by Benson (1913-1918) and summarised by him in 1922 and 1923. Benson 
followed Etheridge (1899) in regarding the series as of Middle Devonian age. 
He states : “ They (the Tamworth Series) are an extensiv(! series of radiolarian 
clay stones with much tuff and three intercalated widely extending coral lime- 
stones " (1923, p. 20) . . . “ the lowest (Nemingha) horizon is the most con- 
tinuous, having b(Hm traced intermittently for over 150 miles. It is strongly 
brecciated and intimately associated with fragmental volcanic rocks of spilitic 
or keratophyric character. The intermediate Loomberah horizon has been 
traced for about 15 miles only, and seems to have been developed in an area where 
brief local emersion occurred exposing the newly-formed limestone to wave- 
action. Th(i highest limestone (Moore Creek) has been recognised at intervals 
over a distance of 80 miles. Like the Nemingha Limestone, it shows no signs of 
emersion, but forms lenticular masses in the radiolarian claystone. There is, 
however, but little volcanic material with the two upper limestones . . . The 
maximum igneous activity occurred immediately following on the formation 
of the Nemingha limestones, and extensive masses of spilitic pillow-lava have 
been formed in the Nundle district, and it is also found on a horizon below the 
Nemingha limestone ” (1922, pp. 97-98). 

A columnar section of the series is given by Benson (1922, PI. XIVa). 

The limestones outcropping north of Moore Creek, usually known as the 
Attunga limestones, have been assumed by Benson (1918, p. 697) and by Came 
and Jones (1919, pp. 264-256) to belong to the Moore Creek horizon, and the 
geological ranges of fossils quoted by Benson (1922) are based on this supposition. 
Nevertheless Benson wrote : “ The presence of Phillipmstrcpa, Tryplasma sp. 
and Favosites multitabulata suggests that the Loomberah limestone may also be 
represented. If this be so, we may here have an opportunity of che.cking the 
present tentative assumption that the Loomberah limestone is stratigraphically 
intermediate between the Moore Creek and Nemingha limestones, though nearer 
to the former. It should be noted that, in one place at least, namely on the top 
of the hill behind the Burdekin Homestead, the limestone of the Moore Creek 
horizon is brecciated, and set in a red matrix, in a manner previously believed 
to be confined to the Nemingha limestone ” (1918, p. 698). He also recognised 
that the limestone masses occur as “ isolated portions of folds, compressed and 
faulted, the whole indicating an extremely complex tectonic stracture ” (1918, 
p. 697). 

The present note is concerned chiefly with these Attunga limestones. 

3. Stbatigbaphy. 

(See Text-fig. 1.) 

The road from Tamworth to Manilla, north of Moore Creek, follows approxi- 
mately the geological boundary between the Upper Devonian sediments of the 
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Barraba Series to the west and the Lower and Middle Devonian sediments of the 
Tamworth Series to the east, the latter forming the foothills of the Moonbi 
Bange, the south-western portion of the New England Plateau. 

The Palaeozoic rocks outcrop chiefly on the hills, and the intervening valleys 
are filled with thick alluvium and drift, parts of which date back to the 
Pleistocene. The 'atter contain remains of extinct marsupials, as in Catong 
Gully (Por. 34, Paif. BubbogulUon), where Mr. Quick and Mr. B. D. Coulter have 
collected teeth and bones of Diprotodon australis Owen and Macropus anak 
Owen, Jlf. brehus Owen and Procoptodon thomsoni Krefft, specimens of which 
are in the Australian Museum, Sydney. This cover of Post-Tertiary deposits 
contributes largely to the difficulty of interpreting the geological structures in 
the underlying rocks. 

North of Moore Creek there outcrops a series of tuffs, (?) spilites, limestones 
and banded cherts, which appear to be equivalent to the complete sequence of 
the Tamworth Series occurring between Moore Creek and Nundle as described 
by Benson (1913-1918). The limestones of the Attunga district occur on three 
distinct horizons, and are lithologically and palseontologically similar to the 
Nemingha, (?) Loomberah and Moore Creek limestones, in the stratigraphical 
order assumed by Benson. It is proposed to divide the Tamworth Series into 
three, the Nemingha, Sulcor and Moore Creek Stages, named for the typical 
limestones developed respectively within each. 

The order of succession of the beds in the Tamworth Series north of Moore 
Creek appears to be as follows (in descending order) : 

Moore Creek Stage. 

Eadiolarian Cherts. 

Limestone. 

Sulcor Stage. 

Cherts and Tuffs. 

Limestone. 

Nemingha Stage. 

Upper Cherts and Tuffs. 

Limestone. 

Lower Cherts and Tuffs. 

The beds have been thrown into a series of gentle folds grouped to form a 
major synclinal structure, whose axis runs meridionally, with a gentle pitch to 
the north. The structure is further complicated by faulting, both parallel to 
and transverse to the main fold-axis. Subsequent erosion and deposition of 
alluvium have produced the isolated outcrops indicated on the map (Text-fig. 1). 

(a) Nemingha Stage. 

Lower Cherts and Tuffs. In the parish of Attunga, between Moore Creek 
and Attunga Creek, a sequence of banded tuffs and cherts forms the foothills 
of the Moonbi Bange, but this has not been examined in detail. It is of consider- 
able but unknown tldckness ; the base is not exposed, as the rocks have been 
intruded by the Moonbi granite. Along Attunga Creek the upper parts of the 
sequence are exposed in a quarry on the north side of the creek, and in a cutting 
below the limestone near Burdekin Homestead. On the Manilla Boad near the 
15 mile-peg these tuffs dip in an easterly direction below the limestones of the 
Broken Hill Pty. Quarry. 

Limestone. Limestones that are similar to those at “ Beedle’s Freehold ”, 
Por. 167 south to Por. 163, Par. Nemingha, occur as a number of isolated outcrops 
in the parishes of Attunga and BurdeMn. In the Parish of Attunga an outcrop 
occurs in Pors. 191-109 on the western side of Boundary Creek, a northern 

NN — Ausust 5, 1942. 
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Fig. 1. Geologioal Sket<di Map of the Attunga Diatriot. 
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tributary of Moore Creek. This is along the line of strike of the typical Moore 
Greek limestone, from which it must be separated by a fault along Moore Creek. 
It is probable that some of the fossils in old collections come from this Umestone 
and are recorded as “ Moore Creek ” fossils. Other outcrops occur on the hill 
behind Burdekin Homestead in portions 40-43 and 228, and also in portion 159, 
Par. Attunga. This limestone is exposed in a number of places in the Parish of 
Burdekin, as shown on the accompanying map (Text-fig. 1), particularly in the 
hills immediately east of the Manilla Boad. 

The limestone is well-bedded in its lower portions, as in Por. 185, but the 
upper parts are more massive. It has been quarried in the Reserve near Pors. 
193-195, Par. Burdekin by Broken Hill Proprietary, Limited. 

The rock has suffered some regional metamorphism and is partly marmorised. 
In Portion 184 there is a red, crinoidal marble suitable for ornamental purposes. 
In some places the rock shows iieculiar brecciation, whose origin is somewhat 
obscure ; in some places it is developed as a result of faulting, but in the main 
it seems to have been an original structure in the rock ; Benson has already 
noted its occurrence in the Nemingha Limestone in the Parishes of Nemingha 
and Loomberah. A good typical exposure occurs in the bed of the creek in 
Por. 256, where angular and rounded fragments of white, fossiliferons limestone 
are set in a matrix of pink sedimentary limestone. Such a rock might have 
been formed as a beach, or shallow-water deposit adjacent to a coral reef. 

Fossils are fairly abimdant on certain horizons, the common forms being 
stromatoporoids. Tabulate corals, crinoid stems and Bryozoa. Rugose corals 
are more rare, but are distinctive. 

The following forms have been identified from outcrops in the Parishes of 
Burdekin and Attimga : 

Aoanthophyllum cf. mamfieldense (Dun) Heliolites sp. 

Lyrielasma floriforme Hill. Favosites goldfussi d’Orb. 

Xystriphyllum insigne Hill. Favosites pittmani Eth. fil. 

“ Gystiphyllum ” mvMitrabeculatum TAtophyUum konincM Eth. fil. and 

HUl. Foord. 

Spongophyllum halysitoides Eth. fil. ( ?) Ghoetetes sp. 

Tryplasma sp. ( ?) Alveolites sp. 

Syringopora spp. Stromatoporoids. 

Heliolites porosa Qoldf. Crinoid Stems. 

From the type-locality in the Parish of Nemingha the following forms 
have been identified : 

Spongophyllum halysitoides Eth. fil. 

Favistella neminghensis (Eth. fil.). 

Tryplasma sp. 

Syringopora ( t) auloporoides de Kon. 

Syringopora porteri Eth. fil. 

Favosites basaltica var. moonbiensis 
Eth. fil. 

The relative abundance and variety of the Tabulate corals is worthy of 
further investigation. 

Upper Gherts and Tuffs. Overlying the limestones of the Nemingha stage 
and apparently conformable with them are banded tuffs and cherts. These are 
well-bedded and fine-grained ; so far as is known they are unfossiliferous, except 
for a narrow band of limestone-breccia. This occurs about half-way up the 
sequence and is composed of white crystalline limestone fragments, from a 
few inches to three or four feet in diameter, usually consisting of broken colonies 
of Fasmites, Hdiolites and stromatoporoids, apparently derived from the under- 


Favosites multitabulata Eth. fil. 
Favosites pittmani Eth. fil. 
Favosites goldfussi d’Orbigny. 
t Favosites salebrosa Eth. fil. 
f Thamnopora foliata Jones. 
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lying limestone, set in a dark-coloured matrix of tuffaceous material which 
weathers to a greenish colour. The occurrence suggests a storm-beach of lime- 
stone boulders on which showers of voloanic ash were deposited. This band 
is followed by a (f ) flow of altered igneous rock, possibly spilitic in 
character. 

A good section is exposed on the south-eastern slope of the hill in Portion 209, 
near Portion 202, Parish of Burdekin. The limestone-breccia here is similar 
to that occurring in Portions 167-168, Parish of Nemingha, and elsewhere in the 
Nemingha Stage. 

At WiUowtree Creek (Por. 64, Par. GiU), and The Horse Arm Creek (Por. 226, 
Par. Attunga) there are outcrops of Nemiugha limestone and overlying tuff with 
interbedded Umestone-breccia, as mentioned by Benson (1918, p. 695). The 
rocks in these places have suffered contact-metamorphism through the intrusion 
of the Moonbi granite, with the production of garnet, vesuvianite, wollastonite 
and other contact-minerals. 


(b) Sulcor Stage. 


Limestone. The Nemiugha Stage is followed by limestones occurring in 
about six isolated outcrops in the Parish of Burdekin, as indicated on the map 
(Text-flg. 1). The limestone varies in thickness from about 60 feet to nearly 
200 feet. Bedding is usually well-defined, owing to the surface silicification of the 
fossils in natural outcrops, although the rock as a whole carries little impurity ; 
analyses show approximately 98 per cent. CaCOj. The rock appears to be much 
less altered than limestones of the Nemingha Stage ; local brecciation occurs in 
the vicinity of small faults. 

The limestone, which may be called the Sulcor Limestone, is quarried in 
Portions 88-116, Parish of Burdekin, by Sulphide Corporation, Limited. 

Parts of the limestone are very fossiliferous, and an interesting collection 
has been made of new forms and of forms not hitherto known to occur in the 
Tamworth district, which permit correlation of this limestone with formations 
in other parts of New South Wales. 

The best collecting-groimd for fossils is at the back of the quarry, in Portion 
88 and in the eastern end of Portion 116. Here detailed zoning of the beds is 
possible, and more new forms may be revealed. Similar fossils have been 
collected in the upper part of the creek bed in Portion 248 and from other 
outcrops indicated on the map as belonging to this Stage, but the variety is 
not SO' great. 

The following forms have been obtained from the Sulcor limestone and are 
in the collections of the University of Sydney : 


Reeeptaculites australis Salter. 
Xystriphyllwn magnum Hill. 
XystriphyUum mitehelli (Eth. fil). 
PrismatophyUum brownae Hill. 
Trapezophyllum couMeri Hill. 
PMUipsastreea maculosa Hill. 
PhiUipsastreea linearis Hill. 
Phillipsastrcea carinata Hill. 
EridophyUum bartrumi Allan. 
Mictophyllum cf. ereswelli (Chapman). 
Pseudamplems prinoeps (Eth. fll). 
Aidaeophyllum trizonatum Hill. 


Syringopora speleana Eth. fil. 
Syringopora spp. 

Favosites spp. (massive and 
dendroid). 

Litophylltm sp. 

Seliolites spp. 

Plasmopora sp. 

Stromatoporoids. 

StromatoporeUa loomberensis Dun. 
Strophomenid. 

Pentamerid. 

Atrypa sp. 

Large gastropod. 
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The following forms were obtained in Por. 23, Par. Loomberah, from the 
Loomberah limestone, which is here correlated with the Snlcor limestone. 

Eddastrcea grandis (Dun). Heliolites sp. 

PhiUipsastrcBa aperta Hill. ( f) LitophyUum sp. 

PhiUipsastrtea callosa Hill. Stromatoporella loomberensis Dun. 

Endophyllum of. abditum Edwards StromatoporeUa bensoni Dun. 

and Haime. ( f) Chcetetes stelUformis Chapman. 

Favosites sp. Batostomella sp. 

Banded Cherts and Tuffs. The liiiK^stones of the Sulcor Stage are succeeded 
by banded cherts and tuffs which outcrop in Portions 116-263, Portions 248-249, 
and on the tops of hills in Portions 158-159-206, 209, 257, and in Portion 9. 

The rocks are fine-grained and make rather poor outcrops. They contain 
traces of small brachiopods, and are probably of marine origin. 

(c) The Moore Creek Stage. 

Limestones. In the Parish of Burdekin this Stage has its best development 
along the limestone ridge north of Sulcor Quarry, from tin* eastern end of Por. 115 
to “ PoUington’s Limestone ” in Portion 252. 

The limestones are well-bedded, and are i)ossibly of the order of 460 feet in 
thickness. No trace of interb(‘dded shaly material has beim observed. Certain 
bands in the limestones have suffered differential chemical weathering, producing 
shallow trenches, which have become filled with terra rossa and wash from the 
adjacent sediments. One such apparent break in the succession occurs in 
Portion 128-129, marking a division into a lower and an upper portion which 
contain distinct faunas. 

The limestones have a general dip to < he north-east at angles of 15 degrees 
or less, and much of the outcrop shown on the map is on a dip-slope. To the 
east the limestones plunge under the alluvium and drift of the valley-floor and 
to the west they are truncated by a meridional fault which has thrown them 
against radiolarian cherts of a stratigraphically higher horizon. The faulting 
has caused a drag on the limestones, producing a small anticlinal structure. 

The small isolated outcrops of limestone in Portions 117-118 are thin 
cappings whose presence is probably due to faulting, but the field-evidence is 
insufficient for an adequate explanation of their occurrence. The most northerly 
outcrop contains fossils of the upper part of the Moore Creek limestone. 

The sequence of the Moore Creek limestones is repeated along the crest of 
the ridge to the east, running from the north-east corner of Portion 248 through 
Portion 232 and diagonally through the central part of Portion 249. Again 
the limestones dip to the north-east and much of the outcrop is on a dip-slope 
which plunges below the alluvial deposits of the valley to the east. 

The lowest bed of limestone forms bluffs ten to twenty feet in height around 
the “ amphitheatre ” in Por. 264, and along the south-western crest of the hill in 
Por. 232, 249. This is succeeded by bedded limestone with very abundant 
Amphipora spp. Near the eastern end of the boundary between Portions 115 
and 263 there is an abundance of the large brachiopod Stringocephalus cf. burtini 
Defrance. This form occurs also in abundance at the top of the hill in the south- 
west corner of Por. 232. 

The overlying limestone bed in Por. 264 contains Sanidophyllum colligatum 
(Eth. fil), “ Cystiphyllum ” sp., BtringophyUum spp., Mesophyllum sp., Syringoporn 
sp., Favosites sp., Heliolites sp., Amphipora and Stromatoporoids. 

The upper part of the limestone, forming the hill in Portion 262 (Pol- 
lington’s), contains all the species that are found in the limestone occurring at 
the well-known locality south of Moore Creek, in Portions 61, 140, and E1472s 
in the Parish of Woolomol and along the west of Spring Creek in Tamworth 
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Oommon, about a mile north of Tamworth. This limestone also dips gently to 
the north-east and is fossiliferous throughout. 

The following fossils have been collected from the limestones of the Moore 
Creek Stage in the Parishes of Burdekin and Woolomol : 


Sponges, undetermined. 

DoJmophyUwn sp. 

Xystriphyllum mitchdli (Bth. fll). 

“ Gampophyllum ” cf. lindstromi (Freeh.). 
“ Cystiphyllum ” australe Eth. lil. 
MesophyUum eornubovis (Eth. fll). 
DigphyUum cf. gregorii (Eth. fll). 
Disphyllum robuatum (Eth. fll). 
PhacellophyUtm porteri (Eth. fll). 
SanidophyUum davidis Eth. fll. 
SanidophyUum coUigatum (Eth. fll). 
FavisteUa cf. rhenana (Freeh). 

( t) Tryplasma sp. 

SpongophyUum giganteum Eth. fll. 
Spongophyllum fimmersum Hill. 
StringophyUum bipartitum Hill. 


StringophyUum denautn Hill. 
MieropUtsma paraUelum Eth. fll. 
Syringopora auloporoidea Bth. fll. 
Syringopora porteri Eth. £11. 
Favositea goldfuaai d’Orb. 
Favoaitea aal^oaa Eth. fll. 
Emmonaia aguamvlifera (Eth. fll). 
f Striatopora crwinmeri (Eth. fll). 
HelioKtea poroaa Ooldf. 
LitophyUum konincki Eth. fll. 
Amphipora sp. 

Fematella mouara Crockford. 
Crinoid Stems. 

Stringoeephalus cf. burtini De- 
france. 

Atrypa spp. 


Badiolarian Cherts. At the north end of Por. 252 (Follington’s) the Sanido- 
phyllum limestone passes into a sandy bed which is overlain by Badiolarian 
cherts, similar in all respects to those occurring in the Council Quarry in Tam- 
worth Common. The Tamworth cherts yielded the rich radiolarian fauna 
described by Hinde (1899). 

These rocks are fine-grained banded tuffs, black when fresh, weathering to 
black and white bands. 

They also outcrop in the northern end of Por. 248, and in the hills in Portions 
117-119, and supply quantities of angular boulders ^stributed over the surface 
of alluvial deposits covering all the low ground in the neighbourhood. 


4. Geological Steuctube. 

A st riking feature of the limestones in the vicinity of Sulcor Quarry is their 
uniform dip to the north-east ; south of Moore Creek the dips in the Tamworth 
Series are to the south-west. 

In the southern part of the Parish of Burdekin the limestones are very 
gently folded, and near the Yarramanbully Boad, north of Attunga Creek, they 
dip to the west, thus indicating that the major structure is a syncline, pitching 
to the north and having its axis along the upper valley of Brown’s Springs Creek 
(Text-flg. 2, C-C). 

The structure is somewhat complicated by the occmrence of two faults, 
approximately parallel to this axis. The first fault F^-Fi (on map. Text-fig. 1) 
running through Portions 247 and 248 causes the repetition of the Sulcor and 
Moore Creek limestones in two parallel hills. The throw of this fault must be of 
the order of 600 feet, as shown in Text-fig. 2, 0-C. The other fault, Fg-Fg, 
runs approximately along the eastern boundary of Por. 120 and throws Badi- 
larian Chert against limestones of a lower horizon, but, in the absence of a 
datum-horizon, the amount of its throw cannot be measured. 

A series of faults of less magnitude occurs approximately at right angles 
to the synclinal axis ; apparently one such fault truncates the limestones at the 
north end of Follington’s and m Por. 249, where the bedding of the limestones 
ends abruptly against Badiolarian Cherts. 

Several other small cross-faults are found amongst the limestones close to 
the Manilla- Tamworth Boad, as shown on the map. 



GENERALISED SECTIONS THROUGH THE TAMWORTH SERIES, PARISH OF BUROEKIN 



Creneralized Sections through the Tamworth Series, Parish of Burdekin. 
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With regard to the stmctiiral relations of the Tamworth Series to younger 
formations, the field-evidence north of Attunga strongly suggests an angular 
unconformity between it (the Tamworth Series) and the Upper Devonian Barraba 
Series, outcropping to the west, with westerly dips. Farther north, however, 
the evidence is not so clear, so that the structural relations require further 
investigation. 


5. COBBELATIONS AND GEOLOGICAL AGE. 

The field-work leaves no doubt of the order of succession of the limestones 
and the associated sediments in the area under consideration. A section from 
about the 16-mile peg on the Oxley Highway in a north-easterly direction 
(Text-fig. 2, A-A) shows the Nemingha Stage, including limestone, with Xystri- 
phyUum insigne, overlain by limestone containing Sulcor fossils. An oblique 
section along the ridge north of Sulcor Quarry shows Sulcor limestone, tuffs and 
cherts overlain by the Moore Creek Stage (Text-fig. 2, B-B). 

Comparing this order of succession with that of the Tamworth Series south 
of Moore Creek, we find that the lowest division in both areas consists of the 
products of igneous activity interbedded with slightly metamorphosed limestones, 
showing similar lithological and faunal characteristics. This sequence is here 
called the Nemingha Stage. 

The limestone of the Sulcor Stage at Attunga and the Loomberah Limestone 
of the type area show general similarities and are probably of about the same 
age ; they both contain rather abundant PhillipsastrcBa, a genus which is not 
known from any other limestones of the district. The outcrops of the Loomberah 
limestone are very limited in extent. 

The limestones near the top of the Tamworth Series in the Parishes of 
Burdekin and of Woolomol are similar lithologically and contain identical 
species. There can be no doubt that these are both parts of the Moore Creek 
Stage. 

The present work, has therefore confirmed Benson’s assumption of the 
stratigraphical order of the limestones of the Tamworth Series. 

General comparisons with other Devonian formations in New South Wales 
can be made, but exact correlations are hampered by lack of detailed field-work 
in the areas concerned. 

In the Murrumbidgee district, 16 miles south of Yass, a series of tuffs and 
lavas, the Black Eange Series, unconformably overlies the Silurian rocks of the 
Yass district. Shearsby (1906) correlated these with the Lower Devonian 
“ Snowy Eiver Porphyries ” of eastern Victoria. This igneous series is overlain 
by limestones of the Murrumbidgee Series, which are richly fossiUferous. The 
Eugosa are described by Hill (1940). As a result of reconnaissance work the 
writer is of the opinion that they are not nearly so thick as suggested by Harper 
(1909), but that they are thrown into a series of folds, causing repetition of the 
various limestone bands. Fossils have been collected rather indiscriminately 
from various horizons, causing confusion in the fatmal sequence and correlations, 
which will vanish with detailed field-mapping and systematic collecting. Col- 
lections made over the past few years have increased the number of known 
species and have decreased the differences supposed by Benson (1922) to exist 
between the faunas of the Murrumbidgee and Tamworth provinces, but the 
correlations are mainly with the limestone of the Sulcor Stage, and not with the 
overlying Moore Creek Stage. 

Several important forms are common to the Murrumbidgee and Sulcor 
limestones. These include Reeeptaculites australis, XystriphyUum mUcheUi, 
Eridophyttum bartrumi, Pseudamplexus princeps, Syringopora spdeana and 
species of Favosites. 
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From the Molong digtrict Devonian rocks have been described by Dr. 
Germaine Joplin and Miss Alma Culey (1938). Between Silurian and Upper 
Devonian sediments there lies a series named by them the Garra Beds. These 
consist of cherts and tuffs at the base, with overl 3 dng “ limestones, calcareous 
shales and fissile clay-slates ”, which are fossiliferous. The limestones occur in 
isolated outcrops and the detailed order of succession within the sequence has 
not yet been worked out. The relative abundance of ReceptacuUtes australis, 
Pseudamplexus primvps and a few other forms led to the correlation of the Garra 
Beds with those of the Murrumbidgee. Subsequent work on the corals by Hill 
and Jones (1940) proved the presence also of forms indicating an age greater 
than that of the known Murrumbidgee fossils, but it is the writer’s opinion that 
the Garra Beds represent a considerable time-interval and are probably equivalent 
to both the Nemingha and Sulcor Stagt-s of the Tamworth Series. 

Since the Garra Beds are followed directly by Upper Devonian sediments, 
the equivalent of the Moore Greek Stage is missing, and there would appear to 
be a non-sequence in the sucet'ssion. 

In the Wellington district of New South Wales, north of Molong, Miss Basn(*tt 
and Miss Colditz have found limestones from which Dr. Hill has identified 
Eugosa (1942), some of which are identical with speci<>s in the Loomberah lim(‘- 
stone. Further information on this district, will b<* published soon. 

Other occurrences of Middle Devonian rocks in New South Wales which 
contain Reeeptaculite^ australis are known at Capertee and Tarago ; these are 
tentatively correlated with similar beds in the Murrumbidgee Series. 

Dr. Hill’s w’ork on the Eugosa of the Tamworth district (1942) and her 
correlations with forms in other States and in Europe are valuabh* contributions 
to our knowledge of Devonian stratigraphy. 

She has deduced, from a study of the Eugosa, that 

(1) the Nemingha (in-signe) fauna is Lower Devonian or possibly early 
f'ouvinian, 

(2) the Loomberah (Eddastrcea) and Sulcor (EridophyUum) faunas are 
possibly both early Couvinian, not. necessarily on the same horizon, 
and 

(3) the Moore Greek {Sanidophyllum) fauna is Givetian in age. 

The last corr(4ation is confirmed by the presimce of Stringocephalus cf. 
burtini, which is an important form in th(‘ lower part of the Givetian of the 
Paffrath Basin. 

The relative ages of some of the New South Wales Lower and Middle 
Devonian rocks and their probable European equivalents are indicated in the 
following table : 


1 


Age. 

European 

Stages. 

! 

Tamworth. 

1 

Murrumbidgee. 

j 

Upper 

Devonian. 

Famennian 

Frasnian. 

1 "1 Barraba 

/ Series. 

i ^ - 

Middle 

Devonian. 

Givetian. 

Couvinian. 

Moore Crk. Stage, 
j vSulcor Stage. 

1 Murrumbidgee 
Series. 

Lower 

Devonian. 

Ooblenzian. 

Gedirmian. 

1 Nemingha Stage. 
j Tuffs, etc. 

\ Black Range 
/ Series. 


Molong. 


Lambie Stage. 


> Garra Beds. 
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An intereating deduction from these correlations concerns the age of the 
Woolomin Series of cherts and jaspers occurring to the east of the Tamworth 
Series and mainly on the opposite (eastern) side of the Great Serpentine intrusions. 
This series was formerly regarded as probably Lower Devonian, but it would 
now seem that it is pre-Devonian in age. 

6. SUMMABY. 

The paper describes the structure and stratigraphy of the Tamworth 
Series near Attunga, N.S.W. 

The series is divided into three stages, named the Nemingha, Sulcor and 
Moore Creek Stages respectively, each including limestone with a reef-coral 
fauna. The first contains fossils which are Lower Devonian in age, the others 
are probably Middle Devonian, the (upper) Moore Creek Stage being equivalent 
to the Givetian of the European succession. 

The sequence is correlated with other formations in New South Wales, 
and the paper is accompanied by a geological map and sections. 
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ON CONTACT TRAN8FOEMATIONS ASSOCIATED WITH THE 

SYMPLECTIC GEOUI*. 


By H. SCHWEEDTPEGER. 

Communicated by Professor H. S. Carslaw. 

Manwcript received, July 15, 1942. Read (in title only), August 5, 1942. 


1. In this note I shall give a new proof for a slight generalisation of the 
following well-known theorem of Frobenius (1879). 


A linear tram formation 




/- -N 

J'l 


[P,^ 

(1) 

Cy ^ Ax -i- Bp 
\q — Cx -f Dp ’ 

•fa 

, p ^ 

Pz 







in the 2n independent variables .^v, />v which leaves invariant the skew-symmetric 
bilinear form 

IX 

x'p — ■ ,v/p ~ 2 ; (^rvpv — ^vpv) 
v-i 

in the in variables Pv, Pv? has its determinant 




s = 


A B 
C 1) 


+ 1 .' 


There is no difficulty in proving that -- 1. In order to prove the more 
precise statenumt (2), which is important in the theory of canonical trans- 
formations, formerly a representation of the determinant of a skew-symmetric 
matrix by means of the so-called Pfaflian aggregates was used, and also later 
proofs of the theorem^ are not all as simple as may be desired. The proof 
given recently by Radon (1939) is based on a certain general hunrna concerning 
the rank of matrices, proved by making use of continuity. In his paper Radon 
suggests that a proof avoiding these (*onsiderations may b(‘ found ; apart from 
a minor addition this will be done here (§5). Thu>s the lemma which may be 
useful in otlier parts of matrix cahmlus appears in its most general form as to 
the algebraic domain over whicli it is valid. 

The (unimportant) generalisation of th(‘ abovementioned tln^orem whicii 
may be justified by the short consideration in §§2 and 3 was suggested to me by a 
paper of A. Wintner (1934) where the whole matter is discussed from a different 
point of view. As to the proof, we begin with some parthuilar cases (§4) to 
which we reduce the most general case by means of Radon’s lemma (§6). 


^ The usual notations of matrix calculus are employed here. Capitals A, B . . . are n -rowed 
square matrices, E is the unit matrix, A' the transpose of A. Small Latin letters x,p. . . without 
indices are columns, x\ the corresponding rows. 

* Cf . Caratheodory (1935), Radon (1939), Siegel (1939), Weyl (1939), Williamson (1939). 
The name “ symplectic group ” has been introduced by Weyl instead of the formerly used 
“ complex group 
O — Augrust 6. 1942. 
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2. We consider the transformation in 2« + 1 variables as,, p^, x^, which 
arises from a linear transformation of the form (1) if we add the equation 

(3) yo = P) + 

and only require that the transformation represented by (1) and (3) is a contact 
transformation in x, p, Xq : 

( 4 ) q'dy - dy^ = S(P'^ - ^^o)- 

From here it follows that the function h{x, p) has to be a quadratic form in the 
2n variables x^, pv : 

(6) h(x, p) — X H^x -f- 2a: Hp -f- p B^p = (x , p ) -ff23 \.p\ 

where H 3 , H are square matrices with n rows, Hi, B^ symmetric.® Further 
we find from (3) and (4) 

§ = Aq = const. 

Putting the expressions (1) and (3) in (4), we get the relations 

(A’G - 2Bi)x + {A'D -2H - k^)p = 0 
(B’C - 2H')x + {B'D - 2Bi)p = 0 

whence we have 

f 2 Bi = A'C = C'A 

(6) < 2 H 2 = B'D = D'B {Hi, H 2 symmetric !) 
l2H = C'B = A'D - hoE 

(7) A'D - C'B = hJE, D'A - B'C = h^. 

If, on the other side, we state the fact that (1) is a symplectic transformation, 
i.e. 

CA B'l ' CO -E^ CA S'! _ CO -B'l , 

ic d] [j? o j tc i>J ~ t-® 

we get easily the same relations between the matrices A, B, C, D with the only 
restriction Hq = 1.* 


(8) 


3. By means of the relations (7) we can invert the transformation (1) if 
and only if Aq 0 ; we get 

Further we have, from (3) and (8), 

(9) Xt= - ^h{x, p) + ~yo = k{y, q) + ^y„ 

= y'Kiy + 2y'Kq + q'Kjq + 


^ Not every quadratic form h{Xf p) comes into question here. In cmother paper to be published 
elsewhere I have established necessary and sufficient conditions for these forms. From here a 
new parametrization of the symplectic group is derived such that there are no exceptional elements 
(cf. H. Weyl (1939)). 

* According to a remark due to Herglotz (1932) the matrix equations (6) and (10) can be 
interpreted as the so-called “ reciprocal theorems ” for linear dynamical i^stexns^ which are 
involved in the bracket conditions ” of Poisson and those of Lagrange respectively. Cf. 
Whittaker (1927). 
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The equations (8), (9) representing also a contact transformation, the relations 
(6), (7) between the matrices 

Af B, C, D, Hif Hj, H 

will continue to be true if we replace them respectively by 


E -K £' TT IT TT fjfc 

Ao’ K Ao’ Ao’ "i’ ^ [^0 ho) • 

This leads immediately to the following set of relations, evidently equivalent 
to (6), (7) 


(10) 

( 11 ) 


r-2ho^Ki - DC'=CD' 

- 2ho^Ki = BA' = AB' 
t 2ho^K =CB’ = DA' ~ hoE 

DA' - CB' = AjB, AD' - BC = hoE. 


By the relations (6) or (10) the matrix 
Hamiltonian matrix (cf. Wintner, 1934). 



is characterised as a 


4. We shall now calculate the determinant S of this matrix. From (8) 
we know that S 0 if A^ 0. First we suppose | | ^ 0. Then it is possible 
to determine two matrices P, Q with n rows which satisfy the equation 


(12) 


fA Bl _ CE O'! {A 

ic d) ~ IP q) [o e) ’ 


indeed this equation means 


whence 


0 = PA md D =PB +Q 


(13) P = C’A-i, Q ^D - CA-m. 

Thus by (12) we have 

( 14 ) 8 = \cl \ - 1^1 1 ^ 1 - 

In virtue of (10) and (11) we have 

QA' = DA' - CA-mA' = DA' - CA-^AB' = DA' ~ CB' = hoE 
and thus 

S - I (;i I I ^ I - I \A'\ = \QA'\ = Ao“. 

For Ao = 1 this is the theorem stated in §1. 


In the same way we can prove the theorem if | B | ^ 0. Then it is possible 
to find two matrices Z7, F which satisfy the equation 

<^») [^1] = = 

whence 

(16) E = BB-S F = 6’ - DB-^A. 

By (10) we have 

FB' = CB' - BB-UB' = CB' - DA' = - hoE ; 

hence 

(17) S = (- 1)»1 F 1 I B 1 = (-l)n I - A„B I = A„“. 

OO — Auffust 5, 1942. 



180 


H. 8CHWEEDTPEGEE, 


6. Generally we cannot suppose \ A or \B\^Q. We can only 

suppose that the n x 2n — matrices (A, B) and (0, D) have the rank «, because 

otherwise the matrix could not be regular. To establish the theorem 

also in this case we shall generalise the product formula (12) or (15) by means 
of the following lemma of Kadon, which we shall prove here algebraically : 


Lemma : If the n x 2n ~ matrix {A, B) with elements in the infinite integral 
domain A has the rank r < n, then there is a diagonal matrix 

, O' 


8 = 

I 

^0 «n, 

such that the matrix A8 + B has the rank r.® 


with Sv in A, 


Proof : First we shall suppose r — n (the only ease we need actually here). 
Let A — (a‘^>, , a'"’), B — .... where a^'^\ &<''> are the 

columns of A and B. If 8 is a diagonal matrix with indeterminate diagonal 
elements Sv, we have 

B = (»,«<»' -f 6<1>, «20<2) + 5(2), . . . , s„a<n) 4- 5(“)) 
and hence the determinant 

U 

I A8 -f- B I »j »2 . . . Sn I . . . , «*“’ I + S «i . . . Sv-i»v+i . . . «n X 

v=i 

X I . . . , aO)-!’, ftoo, aO)-)!), . . . , o'") I + . . . 

+ S .-Jv I 5'i>, . . . , 5'^-i), a*)". 5(''^’>, . . . , 5<«> | 

+ I 5(2>, . . . , 5'"' |. 

This polynomial in the n indeterminates Sj, s^, , Sn over A cannot be 

identically zero becau8(*. at least one of its coefficients is different from zero ; 
since there are in (A, B) exactly n linearly independent columns, say a^^^\ 
aO^\ , . . the coefficient of Kvj Sv^ . . . ■Svi, will be different 

froni zero. Therefore one can choose values of s^, s^, . . . Sn in A such that the 
square matrix A8 4- B has the rank n. 

If r < n we shall apply the same procedure. Let . . . , 

5 ((^k+i)^ . . . be a set of r linearly independent columns of {A, B). Then a 
certain square submatrix (.4, B) formed by r rows of the matrix • • • ? 

5 (i^k+i), . . . , 5(*^r)) has the rank r. Let 

(I, B) = («(f^J), . . . , . . . , 

where the columns 5^***) arise from a^**)*), by omitting certain n — r 

elements, all in the same rows of {A, B). Then as above we see that the sub- 
matrix 

(s^, . . . , a(‘*k)+5(!^k), 5(t®k+i)+5(lXk+i), . . a(t®r) +5((®r)) 

of AS + B with r rows and r columns has “ generally ” the rank r ; for its deter- 


^ Radon (1939) only stated the existence of a symmetric matrix 8 with this property, and only 
if A is the field of all real or complex numbers. In the paper mentioned in note (3) I Imve proved 
that if (A^ B) is of rank n, one can impose on /S the condition 8B = B'S, i.e. SB to be symmetric. 



CONTACT TRANSFOEMATIONS ASSOCIATED WITH SYMPLECTIC GROUP. 181 


minant is a certain polynomial in sjxj, s,Xj, . . . , which has not all its coefficients 
equal to zero. At least we have! | . . . , . . . , I 0 ; 

this is the coefficient of s^l^, 

The following generalisation of Radon’s lemma which easily follows from 
our proof may be stated here. Let A\, Bx (k == 1, '2, . . . , 1) be I pairs of square 

matrices over A such that the n x 2n — matrices (Ax, B\) have the ranks rx < n. 

Then one diagonal matrix 8 over A can be found for which the I matrices Ax8 + Bx 
have the ranks rx {resp.). 

6. According to the lemma we determine a diagonal matrix 8 for which 
A/S + B has the rank n. Then to the matrix 

fA Rl CB /S'! _ fA A8 -j-R'l _ fA R*'| 

[C D] \^0 Ej ~ to V8 +1>J ~ [O Z>*J ’ 

which has the same determinanl. as the matrix we can apply the 

formula (16) with B*, D* instead of B, 1>. By (16) we have 
F* = O - D*B*-^A V - (C8 + I)){A8 + B)-^A 

and 

V*B*’ = C8A’ - CB' -- (08 -f- Z>)(A/S' + R)-i(A/SA' + AR'). 

Now we make use of the conditions (10); thus we get 

F*R*' = 08 A' - OB' - (08 f D)(A8 -{ R)-i (A.S’ + R)A' 

^ ORA' - OB' - 08A' - DA' ^ - h^E 
whence (17) gives again S = /to". 
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Lists of Rugose coral species from various localities near Wellington are 
given, and it is deduced from them that at least three distinct faunas are present : 
(1) a Halysites fauna of Silurian or at latest Gedinnian age ; (2) a Garra fauna, 
probably of Coblenzian age ; and (3) a Murrumbidgee fauna, probably of early 
Couvinian age. The fauna of the Wellington Caves limestone has no species 
clearly diagnostic of any of these, but is possibly Lower Devonian. Five new 
species are described, and one species is re-described. 

Most of the material studied consists of thin sections cut at the University 
of Sydney by Mr. H. G. Gooch from specimens collected by Misses E. Basnett, 
M.Sc., and J. Colditz, B.Sc., while the remainder consists of specimens and thin 
sections in the Australian Museum and the University of Queensland. 

The lists of Rugose corals obtained from the various localities are as follows. 
Those marked * have been determined from externals only, and unless otherwise 
indicated, the remainder have been determined from thin sections. 

A. Poe. 10, Pae. Nanima. Tryplasma lonsdalei Eth., T. lomdalei var. 
scalariforme Eth. (both records from Etheridge, 1907), Spongophyllum f shearsbii 
(Chapman ; HUl, 19406, p. 408), Halysites sp. (oral communication from Misses 
Basnett and Colditz). This locality has been referred to as 6 (or 6i) miles from 
Wellington on the Gulgong (or Mudgee) road. 

B. Poe. 23, Pae. Calwadgbeb. Halysites sp. 

C. Poe. 241, Pae. Mickbtt mulga. Propora sp. 

D. Poe. 30, Pae. Gundy. (7 miles from Wellington on the Arthurville 
road). *Rhizophyllum enorme Etheridge (Hill and Jones, 1940, p. 182), “ Cysti- 
phyllwm ” sp. (Hill and Jones, 1940, p. 183) (Plate IV, fig. 2), “ Cystiphyllum ” 
conjunctum sp. nov. (Plate IV, fig. 3), Bisphyllum mesa sp. nov., *Pseu^Umplexus 
prinoeps (Etheridge ; Hill and Jones, 1940, p. 185), Tryplasma f lonsdalei 
Etheridge (Hill, 19406, p. 406) (Plate IV, figs. 9a, 6). 

E. Fingbepost, Junction of Paekes and Aethueville Roads, Poes. 
172, 166, Pae. Cueea. “ CystiphyUum ” sp., DisphyUum mesa, *Tryplasma 
f weUingtonense, Pseudampleam prinoeps. 

F. Poe. 42, Pae. Wooeooboomi. Badiophyllum aff. arhoresems (Hill and 
Jones ; Hill, 19426, p. 17) (Plate IV, fig. 8). 

G. Poe. 87, Pae. Ponto. Tryplasma or Pyonostylus sp. 

H. Limestone at tuen-opf of Caves Road feom Wbllington-Molong 
EOAD. AcawthophyUim cf. mansfiddense (Dun^ Hill, 19396, p. 223) (Plate IV, 
fig. 1), Tryplasma columnare Etheridge (£011 and Jones, 1940, p. 187). 
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I. “ Wblungton ” (i.e., probably Wellington Caves). AcanthophyUum cf. 
mansfieldenae, Tryplasma weUingtonense Etheridge. 

J. Wellington Caves Eesebve, Poe. 172, Pae. Wellington. “ Cysti- 
phyUiim ” sp., Eridophyllim immersum sp. nov., Radiophyllum aff. arborescens 
(Plate IV, fig. 7), Tryplasma weUingtonense, large solitary undetermined Eugosa, 
HdioUtes daintreei, Wellington type. 

K. Poe. 106, Pae. 17aeeagal. f AulacophyUum sp. (Plate IV, figs. 11a, b). 

L. POE. 60, Pae. Oueea. Eddastma expansa sp. nov., Fhillipsastrtea aperta 
Hill (1942, Tamworth paper), PhiUipsastrcea sp. with resemblances to P. speciosa 
Chapman and P’ linearis Hill (1942, Tamworth paper), Favosites bryani Jones 
(Hill and Jones, 1940, p. 190), F. allani Jones (Hill and Jones, 1940, p. 189). 

M. Poe. 69 NEAE 39, Pae. Geueee. *f Xystriphyllum f dunstani, *Pseudam- 
plexus prineeps. 

N. PoE. 206, Pae. Mickety mulga. ^Pseudamplexns prineeps, Plcuro- 
dictyum sp. 

O. Between Poes. 206 and 69, Pae. Miokety mulga. AcanthophyUum 
sp., *f Xystriphyllum f dunstani or f mitchelli. 

P. Poe. 82, Pae. Mickety mulga. Pleurodictyum sp. 

Q. Poe. 94, Pae. Wellington. Amphipora sp. 

R. Wellington -Dubbo eoad neae Geueie, 12 miles feom Wellington 
(Pors. 197 and 198, Par. Geurie). AcanthophyUum ceguiseptatum Hill (1940c, 
p. 251) (Plate V, figs, la, b), the specimen suggesting that this species is phaceloid, 
PhiUipsastrcea speciosa Chapman (Hill, 19396, p. 237) (Plate V, figs. 8a, b). 

8. Poe. 62, Pae. Mickety mulga. AcanthophyUum cf. cequiseptatum. 

T. “ The Holmes ” Home Paddock, neae Wellington. Eridophyllum 
bartrumi Allan (Hill, 1940c, p. 271). 

U. Poe. 247, Pae. Mickety mulga. Xystriphyllum dunstani (Etheridge, 
Hill, 1939a, p. 62) (Plate V, figs. 2a, 6) (from Por. 13-247) ; DisphyUum gemmi- 
forme (Etheridge ; Hill, 1940c, p. 269) (Plate V, fig. 6), PhiUipsastrcea oculoides 
sp. nov., Eridophyllum bartrumi (Plate V, fig. 6), f Orypophyllum t aggregatum 
Hill (1940c, p. 268) (Plate V, fig. 4). 

V. Poe. 247, Pae. Mickety mulga, noeth of eoad. Xystriphyllum 
magnum Hill (1942, Tamworth paper) (Plate V, fig. 3). 

A study of the lists shows that none of the localities is very rich in species ; 
but a few have enough species already described for their ages to be deduced 
by comparison with other Australian faunas. 

A. and B. are both said to contain Halysites, a genus which extends from the 
Upper Ordovician through the Silurian into the Gcdinnian, so that a Gedinnian 
or pre-Devonian age is suggested for them ; the appearance of Spongophyllum 
f shearsbii and Tryplasma lonsdalei in A. suggests that this contains a repre- 
sentative of the Yass fauna, which is upper Wenlock or Ludlow. C. may be 
Silurian, for Propora, which it contains, is not known elsewhere above the 
Ludlovian. 

The Garra fauna is recognised in localities D. and E. by the species Rhizo- 
phyllum enorme, “ CystiphyUum ” sp., DisphyUum mesa, and Pseudamplexus 
prineeps. Its age has been deduced to be Coblenzian (Hill, 19426, p. 14) by 
comparison with the Mt. Etna fauna of Queensland. The limestone at F. 
has a specimen comparable with R. arborescens from the Garra and Mt. Etna 
faunas. 

The Wellington Caves limestone (J.) contains one specimen comparable to 
this same Garra-Mt. Etna species, one species of a genus elsewhere Middle 
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Deyonian (EridophyUmn immerstm), and another of a genus elsewhere Silurian or 
Lower Devonian (Try plasma sp.)- Thus these suggest a Lower Devonian age. 
The limestone at H. is probably very close in age to the Caves limestone. 

K. is either Silurian or Devonian, possibly Devonian, as Avlacophyllum, 
the genus to which one specimen is doubtfully referred, is known only in the 
Mid^e Devonian, although the family Pycnactidae, to which it belongs, extends 
through Silurian and Devonian. 

The fauna from L., Por. 60, Par. Ourra, is comparable with that from 
the Loomberah Umestone of the Tamworth district, which is possibly early 
Oouvinian ; while the very few species from localities M. to Q. suggest that these 
are early Devonian in age, not younger than early Couvinian, and possibly 
Lower Devonian. 

The Murrumbidgee fauna is represented in U., Por 247, Mickety mulga, 
by Disphyllum gemmiforme and Eridophyllum bartrumi, while the Sulcor fauna, 
which is not very dissimilar from the Miirrumbidgee, is represented by the 
latter and Xystriphyllum magnum. The fauna of E. contains A. cequiseptatum 
of the Murrumbidgee and P. speciosa of the Loyola fauna. The age suggested 
by the group of localities E.-V. is thus early Couvinian. 

Systematic Descriptions. 

Only new species or those requiring revision are described. Eeferences to 
descriptions of other species have been given with the first entry of a specific 
name in the locality lists. The characters of most of the specimens from the 
Wellington district which belong to previously described species show very slight 
deviations from those of specimens from the type localities. 

Family Acanthophyllidse Hill, 19396, p. 220 ; Tamworth paper, 1942. 

Genus Eddastraa Hill, 1942, Tamworth paper. 

Eddastraea expansa sp. nov. (Plate VI, figs. 5a, b.) 

Holotype. 7290, Sydney University, Por. 50, Par. Curra, Wellington 
District, N.S.W. ? Early Couvinian. 

Diagnosis. Eddastrcea with few and very large corallites, with very wide 
dissepimentaria and dilated septa. 

Description. The thamnastraeoid corallum in the only two specimens known 
consists of two and three corallites, which are very large, about 40 mm. in 
diameter ; where they are in contact with one another, the corallites have no 
dividing epitheca ; the septa of neighbouring corallites are confluent, although 
in many cases they curve to meet at an angle. There are 36 major and 36 minor 
septa in a coralUte 40 mm. in diameter ; the major septa are very long, and 
interdigitate in the tabularium, being turned aside in groups ; the minor septa 
are also very long, so that the tabularium is very narrow, only 6 mm. in diameter, 
and the dissepimentarium very wide, up to 17 mm. The septa are dilated, 
so that the interseptal loculi are but little wider than the septa ; irregular 
modification of the septa may occur at the periphery, some lateral dissepiments 
appearing, but usually there is a rough carination of the septal sides. The 
septa are carinate in the tabularium. The dissepiments are small and copiously 
developed, horizontally based at the periphery of the corallites and over their 
junctions, but very steeply inclined just near the tabularium. The tabular 
floors are concave with a median notch, and are formed of flat and close-lying 
tabellee. 

Remarks. The general morphology suggests that this species has arisen 
from a solitary Acanthophyllum of the mansfieldense type, which is characteristic 
of the Loyola limestone of ? Lower (possibly early Middle) Devonian age. No 
comparable compound species is known elsewhere. 
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Gystimorphs ; Hill, 1939fc, p. 248 ; 1942a, p, 241. 

“ Cystiphyllum ” conjunctum sp. nov. (Plate V, figs. 3a, b.) 

Holotype. 7291, Sydney University Collection, Por. 30, Par. Gundy, about 
6 miles S.W. of Wellington. Coblenzian, Garra beds. 

Diagnosis. Phaeeloid “ Cystiphyllum ” with corallites up to 12 mm. in 
diameter, often connected by lateral outgrowths, with one or two series of large 
globose dissepiments, and without traces of septa. 

Description. The corallum is phaeeloid, the corallites being somewhat 
irregular in growth. They are up to 12 mm. in diameter, and may be connected 
laterally by broad outgrowths. The manner of increase has not been observed, 
nor the characters of the epitheca. Each corallite shows a very narrow peripheral 
stereozone, without trace of septa. There are one or two series of large, globose 
dissepiments, which give circular sections in transverse sections of the corallite ; 
they show no septal bases. The tabular floors are flat or gently saucered, and 
are formed by complete tabulaj or by two or three rather globose tabellse but 
little larger than the dissepiments. 

Family Disphyllidje Hill, 1939ft, p. 224. 

Genus Disphyllum de Fromentel ; Hill, 1942a, p. 247. 

Disphyllum mesa sp. nov. (Plate V, figs. 4, 5.) 

Disphyllum prcecoxf Hill, 1940ft, p. 399. 

Holotype. 5276, Sydney University Collection, Por. 30, Par. Gundy, near 
Wellington, (.'oblenzian, Garra beds. 

Diagnosis. Disphyllum with dilated .septa, horse-shoe dissepiments, and 
mesa-shaped tabulae. 

Description. The corallum is phaeeloid, and the corallites are slender, 
up to 6 mm. in diameter, though usually less, and rather distant, usually about 
5 mm. apart ; they may be in contact, and when close together they may be 
united by irregular lateral outgrowths. Typically the corallites are straight. 
Increase is peripheral and j)aTTicidal, but there is no common tissue developed 
in the axil between the new corallites. There an; typically about 20 septa of 
each order ; they are usually dilated in the dissepimentariuni, and the dilatation 
may be so great t hat the interseptal loculi an* closed ; the major sept a are long, 
reaching almost, to the axis, but. leaving a narrow axial space, into which only 
one extends. The minor septa extend about half-way to the axis. The dis- 
sepiments are very globose ; they may consist of only one series of horse-shoe- 
like plates, the outer face inclining gradually to the epitheca and not turning 
back on itself like a true horse-shoe ; or there may be an inner series of horse- 
shoe plates and an outer with the gradual inclination outwards ; individual 
dissepiments are often difficult to distinguish when the septal dilatation is great. 
The tabular floors are in the shape of mesas, with a broad flat top and sloping 
sides ; they may be formed by one complete tabula, or two or three elongate 
tabellse ; they are usually very close together. 

Remarks. The species differs from D. prcecox in the septal thickening and 
in the mesa-shaped tabulae. It differs from Thamnophyllum by its possession 
of the mesa-shaped tabulse, and by the absence of common dissepimental tissue 
in the axils of the branches. In its septal dilatation it resembles Thamnophyllum 
more than Disphyllum. The Upper Devonian European D. minus (Eomer) is 
the only other species known to me with mesa-shaped tabulae, and this has 
thinner septa than our form. In addition to the type locality, D. mesa occurs 
in the Garra beds of Curra Ck. crossing, Por. 172, Par. Curra, and on the road 
through Por. 166, Par. Curra. 
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Genue PhllUpsastnea d’Orbigny ; Hill, 1939d, p. 236. 

PbUlipsaatraa oculoldes sp. Qov. (Plate VI, fig. 9.) 

Holotype. 6281, Sydney University Collection, Por. 247, Par. Mickety 
mulga, about 6 miles N.W. of Wellington, f Early Oouvinian. 

Dictgtwsis. Partly aphroid PhiUipsaatnea with septa dilated at the inner 
parts of the dissepimentarium ; the inner row of dissepiments are horse-shoe- 
shaped but small. 

Description. The corallum is massive, partly aphroid and partly astrseoid. 
The tabularia are about 6 mm. in diameter and about 12 mm. apart from centre 
to centre. Each tabularium is surrounded by a fringe of dilated septal segments, 
the width of the fringe being about 3 mm. ; the septa do not often project into 
the tabularia, the major being but seldom longer than the minor ; there are 
about 16 septa of each order, equal in thickness ; outside the 3 mm. fringe the 
septa become discontinuous as a rule, only small thin discrete segments being 
left, but these may be traced outwards where they are seen to abut against those 
of a neighbouring corallite ; sometimes only dissepiments are to be foimd 
between the fringes of neighbouring corallites. Occasional discrete trabeculse 
may be seen in the tabularia. The tabula; are slightly concave or nearly hori- 
zontal, complete or incomplete. The innermost row of dissepiments is horse- 
shoe shaped, the remainder are inclined towards the neighbouring corallites ; 
they are larger in the outer series. 

Remarks. In the aphroid corallum and the column of septal dilatation 
round the tabularium, this species resembles those formerly placed in the Upper 
Devonian Pcushyphyllum, which, however, Lang and Smith regard as a homonym 
of Phillipsastrcea. It is the only known Middle Devonian species with these 
characters. 


PhlUlpsastrsea sp. 

S.U. 7276 from Por. 50, Par. Curra resembles P. spedosa Chapman (Hill, 
19396, p. 237) in the arrangement and size of the corallites, but there are only 10 
septa of each order instead of the usual 13 or 14 of P. spedosa. In the number 
and somewhat also in the arrangement of the septa, the specimen is closer to 
P. linearis from the Sulcor limestone of the Tamworth district, but has thicker 
septa and the tabularia are very much closer together. More specimens are 
required for study from all these localities. The age indicated is Devonian, 
probably near the ? Lower (or Lower Middle) Devonian Loyola limestone. 

Family Entelophyllidae Hill, 19406, p. 410 ; 1940c, p. 270. 

Genus Erldophyllum Edwards and Haime ; Hill, 1940c, p. 270. 

Eridophyllum immersum sp. nov. (Plate V, figs. 6a, 6.) 

Holotype. F.5612, now in the University of Queensland, to be transferred 
to the Australian Museum ; Wellington Caves limestone, Wellington Caves. 
? Lower Devonian. 

Diagnosis. Eridophyllum with dilated septa and with an occasional aulos, 
formed by the contact of the dilated axial ends of the septa. 

Description. The corallum is apparently phaceloid, the corallites of the 
holotype, the only specimen known, being immersed in a stromatoimroid, and 
unequally spaced, from 0 to 9 mm. apart. They are from 2 to 10 mm. in diameter, 
with 20 septa of each order at a diameter of 7 mm. The septa are usually 
dilated so that the interseptal loculi are narrower than them ; their dilatation 
is greatest a little way in from the epitheca, then decreases gradually towards 
the axis ; where, in some corallites, the major septal ends may expand again 
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slightly, and contact one another to form a narrow vertical tube in the tabularium. 
Garination of the septa is rare and indistinct. The minor septa are a little over 
half as long as the major. The dissepiments form two groups ; the outer, 
consisting of up to five series, is of very globose or even produced, horizontally 
based plates, larger than those of the inner group, which consists of up to seven 
series of very small, highly inclined plates. The tabular floors are domes with a 
deep axial insinking, and are formed of tabeUse arranged in three series ; an 
outer series of plates sloping up from the dissepinientarium, an intermediate 
series of globose horizontafly based plates, their inner slopes forming with the 
septal ends the narrow aulos, and an inner series of small, flat or slightly concave 
plates crossing the aulos. 

Remarks. This species difft^rs from others of the genus, which are Middle 
Devonian, in having dilated septa, with only rare or in^stinct carination. The 
genus is known elsewhere in New Zealand, the U.S.A. and Ganada. 

Family Pycnactidae Hill, 1940ft, p. 401 ; 1942 Tamworth paper. 

Genus Aulacophyllum Edwards and Haime ; Hill, 1942, Tamworth paper. 

? Aulacophyllutn sp. (Plate V, figs. 11a, ft.) 

S.U. 7274 from Por. 105, Par. Narragal, has a tabularium 15 mm. wide 
in which septal dilatation is so great that the long major septa are almost in 
contact laterally, and a dissepimentarium up to 7 mm. wide in which the 40 
major and 40 minor septa are thin. The tabular floors are flattened domes, 
formed of rather large globose tabellse, and the dissepiments are small, numerous 
and steeply inclined. These characters are those of the Pycnactidse, and in 
particular of Aulacophyllum, but the specimen lacks the axial space characteristic 
of A. trizonatum, the only species described as yet from Australia. The major 
septa reach the axis, and also are somewhat, rotated in three of the quadrants. 
If the genus is correct, the age suggested is Devonian, but there is insufficient 
material for a complete understanding. The family is Silurian and Devonian. 

h'amily Rhabdocyclidse Hill, 1940ft, p. 404. 

Genus Tryplasma Lonsdale ; Hill, 1940ft, p. 405. 

Tryplasma wellingtonense Etheridge. (Plate V, fig. 10.) 

Etheridge, 1895, p. 160, pis. xxi, xxii, Wellington Gaves ; Etheridge, 1907, 
p. 89, pi. xvi, figs. 5-10 ; pi. xxi, figs. 11-12, pi. xxii, figs. 2-4. Possibly 
Lower Devonian. 

Type Material. Not located ; probably in Mining Museum, Sydney. 

Diagnosis. Large solitary Tryplasma showing rejuvenescence and rootlets ; 
and with long, thick rhabdacanthine septa, and irregular tabulae. 

Description. The corallum is solitary, large, trochoid, and curved, and 
may show changes in the direction of curvature. It may reach a diameter of 
26 mm. in a height of 35 mm., when rejuvenescence may occur. Rejuvenescence 
may occur from an old calice, or may be of the type first entailing a decrease 
in diameter, as illustrated in Etheridge’s figure, 1895, pi. xxi, fig. 1 . The exterior 
of the specimens is beekitised, but traces of coarse longitudinal striation may 
occasionally be observed. There are about 30 septa of each order, each con- 
sisting of a series of very large and thick rhabdacanths directed upwards and 
inwards from the epitheca ; the major septa reach nearly half-way to the axis, 
and the minor septa are a little shorter and thinner. The tabulae are rather 
irregular ; they may be complete, when they are nearly horizontal, or they may 
be incomplete, when the outer tabellae slope down from the epitheca to meet an 
older inner tabula or tabella. 
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Explanation of Plates. 

Plate V. Early Devonian Rugosa prom the Wellington District. 

All figures xl‘4 diameters approximately. 

Fig. 1. — Acanthophyllum of. manajieldenae (Dun.) U.Q. F.561!, limestone at turn-off of Caves 
road from Wellington -Molong road. Oblique section. 

Fig. 2. — “ Cystiphyllmn " sp. S.U. 7294, Por. 30, Par. Gundy, Garra Beds. Coblenzian. 
Transverse section. 

Fig. 3. — '' Cystiphylhim conjuncture sp. nov. Holotype. S.U. 7291. Por. 30, Par. Gundy, 
Garra Beds. Coblenzian, a. Transverse section, and 6, vortical section. 

Fig. 4. — Disphylluni mesa sp. nov. Holotype. S.U. 5276 (a). Por. 30, Par. Gundy, Garra 
Beds. Coblenzian. Transverse section. 

Fig. 5. — DisphyUum mesa sp. xiov. U.Q. F. 6210. Wellington District. Coblenzian. Vertical 
section. 

Fig. 6. — Eridophylktm imrnersum sp. nov. U.Q. F.5612. Wellington Caves limestone, Wel- 
lington Caves, a. Transverse, and 6, vertical section. 

Fig. 7. — Radiophylkim aff. arborescens (Hill and Jones). S.U. 7295, Wellington Caves limestone, 
Wellington Caves. Transverse section. 

Fig. 8. — Radiophyllum aff. arborescens (Hill and Jones). S.U. 5291, Por. 42, Par. Woorooboomi. 
Transverse section. 

Fig. 9. — Tryplamna ? lonsdalei Etheridge. S.U. 7296, Por. 30, Par. Gundy, Garra Beds. Cob- 
lenzian. a. Transverse, and 6, vertical section. 

Fig. 10. — Tryplasma ivellingtonense Etheridge. AIM. F.5687. Wellington. Transverse section. 

Fig. 11. — f AuUwophyUum sp. S.U. 7274, Por. 105, Par. Narragal. a. Transverse, and 6, 
vertical section. 
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Plate VI. Mubbumbidoee (Couvinian) Ruoosa fbom the Wellington Distbict. 

All figures Xl*4 diameters approximately. 

Fig. 1. — Amnthophyllum cequiseptcUum Hill. S.TJ. 7297, near Gourie, 12-mile post from Wel- 
lington towards Dubbo. a. Transverse, and 6, vertical sections. 

Fig. 2. — Xyatriphyllum dunstani (Etheridge). S.U. 5282 (a), Por. 39-247, Par. Mickety mulga. 
a, Transverse, and* 6, vertical section. 

Fig. 3. — Xyatriphyllum magnum Hill. S.U. 5292, north of road, Por. 247, Par. Mickety mulga. 
Transverse section. 

Fig. 4 . — ? Qrypophyllum ? aggregalum Hill. S.U. 5293 (6), north of road, Por. 247, Par. Mickety 
mulga. Transverse section. 

Fig. 6 . — Eddaatrcea expanaa sp. nov. Holotype, S.U. 7290, Por. 50, Par. Curra. a. Transverse, 
and 6, vertical section. 

Fig. 6 . — Eridophyllum bartrumi Allan and Disphyllum gem^mforme (Etheridge). S.U. 5278, 
north of road, Por. 247, Par. Mickety mulga. Transverse section. 

Fig. 7. — Phillipaaatrosa aperfa Hill. Holotype, S.U. 7289, Por. 50, Par. Curra. a. Transverse, 
and 6, vertical sections. 

Fig. 8. — PhillipaaatrcBa apecioaa Chapman. S.U. 7298, Wellington-Dubbo road, near Ceurie, 
12 miles from Wellington, a. Transverse, and 6, vertical section. 

Fig. 9. — Phillipaaatrcea oculoidea sp. nov. Holotype, S.U. 5281 (6), Por. 247, Par. Mickety mulga. 
Transverse section. 


P — September 2, 15)42. 



SOME THERMOCHEMICAL PROPERTIES OF THE TORBANITE 
OF THE GLEN DAVIS DEPOSIT. 

By R. F. Cane, m.So., a.a.c.i. 

Manuscript received ^ August 17, 1942, Read, September 2, 1942, 

Introduction. 

Tho property of oil shale which renders it a valuable and interesting material 
both to the scientist and to the industrialist is that, on the application of heat, 
the organic matter decomposes into substances of lower molecular weight ; 
these include all phases, liquids, solids and gases. In order to achieve an 
effective retorting of the shale it is necessary, in the first place, to have a clear 
understanding of the reactions which occmr during the retorting process, and 
of the physical and thermochemistry of the shale pyrolysis. Very little is 
known of the mechanism of the reactions occurring here, chiefly because of the 
fact that the structural chemistry of the kerogen molecule is practically unknown. 
The conditions existing during the relatively small temperature interval in w'hich 
the kerogen molecule decomposes render it absolutely essential to have exact 
information on the magnitude of the quantities involved during this trans- 
formation. 

The torbanites occurring in the Upper Coal Measures of Permian age vary 
in colour from black with a satin-like lustre, in the case of a rich shale, to greyish 
rock in the inferior quality seams. These two extremes vary in oil yield from 
210 gallons per ton (specific gravity 1-04) to 30 gallons per ton (specific gravity 
2 -SI). It is unnecessary to give here a lengthy description of the physical and 
microscopic structure of the torbanite in this region, as this has already been 
given excellent treatment by Dulhunty (1941). 

The principal changes in the microstructure of these torbanites can be 
summarised briefly as follows ; up to 350° C., no apparent changes are produced 
in their chemical structure, but the mechanical properties alter to a slight extent, 
for instance their bending moment decreases, and speaking generally they 
become “ weaker ” in strength. As the temperature approaches 400° f’., the 
organic cell structure of the shale begins to disintegrate. This increases with 
temperature until 450° 0. is reached, when the cell structure has completely 
disappeared. 

The Nature of the Thermal Decomposition. 

In order to investigate the mechanism of the reactions ocicurring during 
the decomposition of oil shale, a small reaction vessel was built, consisting of 
1 in. seamless pipe with flanged ends. One end was fitted with a thermocouple 
well and the other end to a pressure gauge system. The first stage in this phase 
of the investigation was to find tho amount of pressure generated by the shale 
during the different stages of decomposition and, from the application of the 
gas laws, to determine whether any appreciable amount of gas was evolved 
before the true pyrolysis, and so ascertain whether the incipient formation of 
the precursor to decomposition was purely a molecular rearrangement or the 
first stage in the breakdown. The vessel was charged with granulated shale 
and the temperature gradually increased until the pressure reached about 
20 lb. per sq. in., whereupon the vessel was cooled, the flanges opened and the 
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nature of the product investigated. This was a most interesting phase of the 
work, as whilst still hot, the shale, after having undergom^ the above treatment, 
was practically in the liquid phase, resembling a mixture of liquid bitumen and 
molten rubber. 

Following the removal of water vapour and occluded gases, the first stage 
of the decomposition is marked by the evolution of carbon <lioxide and hydrogen 
sulphide. This occurs at comparatively low temperatures, and denotes the 
initial steps of the transformation into the intermediate bitumen. It is impossible 
to state the lowest temperature at which this “ depolymerisation ” will occur, 
as results showed at least minute traces at temperatures approaching 300“ C. 
and even oil formation at 360° 0., after about three hours’ heating. How'ever, 
at 360° ('. it was shown that relatively little gas is generated during the first 
stages of decomposition and that the large volumes of gas met with during tlu*, 
retorting of shale arise, not from the decomposition of the ki^rogen, but from the 
subsequent cracking of the pyrobitumen to oil. This pyrobitumen appears to 
be the real origin of the crude oil. The physi<*al properties of this substance 
are entirely in (iontrast to those of the original oil shale ; for example, the shale 
is tough, rigid and insoluble in most organic solvents, whereas the resulting 
bitumen was of a rubber-like texture and practically cntmdy soluble in solvents 
such as benzene. 

It appears that the original organic matter of the shale is not the true oil 
producing body, but. this organic matter chang(‘S, at a temj)erature lower than 
that necessary to produce oil, into the abovemention«‘d bitumen. Normal shale 
which has not been treated by heat in any way is solid, hard to fracture, and 
practically insoluble in tin; normal organic solvents (sonu* cyclic ketones, such as 
cyclo-hexanone, appear to be tlu* best solvcmts), but after it has been heated in 
the region of 380° ('. a remarkabh*, structural change occurs, whereupon the shale 
changes into a gummy semi-liquid mass. 

The decomposition of the kerogen in (»il shale is regarded by many as 
occurring in steps, as in the distillation (tf crude oil, so that., during pyrolysis, 
the first oil produced must necessarily be of lower specific gravity than the later 
fractions. However, results showed that after its formation t.h<‘ bitumen 
decomposes and yields, simultaneously, the whole series of products varying 
from the lightest to th<i heaviest. It has be(»n shown that the crude oil does not 
vary appreciably in gravity as the retorting process goes on to completion, 
and it may be assumed that each kerogen molecule acts independently as a 
potential producer of oil, gas and coke. 

A sample of shale was slowly retorted, and samples of the li(iuid products of 
decomposition collected over equal int.ervals of t(“m})erature, as measured in 
the shale mass. A determination of specific gravity was carried out on each 
sample. A microdistillation showed that all fractions contained " light ends ’. 
These results are illustrated in Table 1. 


Tabt.k 1. 


Temperature- Range 
of Retorting 
°C. 

-450 

450-470 

470-480 

480-490 

490-500 

500-510 

510-520 

520-530 

530-540 

540-650 

550- 


Speeifie Gravity 
of Oil at 
20° C. 

0-88 

0-89 

0-89 

0-90 

0*90 

O-90 

0-90 

0-90 

0-91 

0-92 
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Thus it can be seen that the retorting of shale resolves itself into the con- 
version of the organi<} matter into the bitumen, and the subsequent cracking 
(at atmospheric or slightly subatmospheric pressure) of this bitumen into crude 
oil, naphtha, gas, etc. Taking this point of view, the lighter fractions may then 
be regarded as having no origin in the shale at all, but are produced by the 
cracking of the “ nascent ” crude oil under the conditions existing in the retort 
at the time of their formation. This does in some way explain the great vari- 
ability in the properties of the crude oil produced from the same shale under 
various retorting conditions. Hence, the retort must be regarded, not as an oil- 
producer, but as a bitumen former (i.e., the transformation of the organic matter 
in the shale into the heavy bitumen-like product mentioned above). This 
having taken place, the retort from then onwards is simply acting as a cracking 
still. This is emphasised by the fact that shale oils are highly unsaturated, 
and in this way resemble cracked pressure distillates from flow oils. 

The Rate of Pyrolysis. 

Bate of pyrolysis of shale is an important factor in determining the kinetics 
of the removal of gases and vapours from the shale. The rate of pyrolysis was 
determined experimentally in the apparatus outlined below. 

A piece of channel iron 18 by 7 by 3 inches, upon which was welded a bar 
of iron approximately 16 by | inches, served as the base of the apparatus. 
Between the end lugs was strung a length of piano wire, in which tension was 
maintained by two end screws. At the mid-point of this wire, and at right 
angles to each other and to th<‘- wire, two cross members were brazed, the 
horizontal member of which was 8 inches long and served to carry the shale 
sample. The upright member was 2 inches long and carried a small mirror. 
Prom the end of the horizontal member a small balance pan was hung by means 
of a thin steel wire. The whole set-up resembled a torsion balance. The 
procedure was as follows. 

A tubular furnace, closed at both ends except for a small hole for the 
suspension wire, was set in an upright position, and into it the shale sample 
contained on the balance pan was hung, and the maximum torsion produced in 
the piano wire was determined by measurement of the deflection of an optical 
bc'am, reflected from the small mirror attached- to the upright. The furnac-e 
was preheated to the required temperature and the interior filled with an inert 
gas, and the rate of decrease of mass of the shale was measured by the decreasing 
deflection of the optical beam as measured on a scale. The (ixperiraent was 
discontinued when constant deflection denoting complete carbonisation was 
obtained. The set-up was then calibrated by putting known masses on the pan 
and calibrating the scale reading. A series of experiments was carried out 
with the apparatus above described, the results obtained being interpreted by 
means of graph (see Pigs. 1 and 2). 

These results showed clearly that the rate of pyrolysis was a function of 
the particle size. 

Two series of determinations were carried out, at 400° C. and 450° 0. A 
series of test blocks were cut from “ first quality ” shale by means of a rotating 
aluminium disc fed with carborundum powder ; these were, as far as could be 
maintained, in arithmetical progression as regards linear dimensions, the smallest 
one being approximately one centimetre cube (see curves 1, 2, 3 and 4 in Pigs. 1 
and 2). 

Qualitative Examination of the Shale Pyrolysis. 

In order to determine experimentally whether the shale pyrolysis was an 
endothermic reaction, as might at first be imagined, several experiments were 
carried out with this aim in view. Following the work of Hollings and Cobb 








194 


E. F. CANE, 


(1915), the following set-up was arranged : An iron tube 1 inch in diameter was 
clamped concentric to the wall of a furnace and in it two silica tubes were 
clamped running parallel to one another, resting inside the iron tube. Two 
thermocouples were placed in the siUca tubes, so as to constitute a differential 
thermocouple. The silica tubes were lightly packed with dehydrated Fuller’s 
earth, the temperature of the furnace gradually raised, and any deflection of the 
galvanometer connected to the differential thermocouple noted. Two parallel 
experiments were carried out, in which one of the silica tubes was packed with 
dry powdered shale. Should the reaction occurring during the pyrolysis of the 
shale mass be definitely exo- or endo-thermic, such direction of reaction would 
show up in the galvanometer defle(^tion. Eesults of this phase of the work are 
shown in Fig. 3. 



Fig. 3. — ^Thormal Reactivity of Shale. 


It can be seen that the direction of the reaction is by no means regular, 
an<i in this respect is similar to other shales, and to coal. [See McKee (1925) 
and Luts (1935).! 

In relation to Fig. 3, the following remarks should be made. The sulphur 
and oxygen containing compounds are the first to decompose with exothermic 
reaction, producing carbon dioxide, hydrogen sulphide and water vapour. 
Apparently the hydrocarbons at once commence to cracik with an endothermic 
reaction. Owing to the low thermal conductivity and high end temperature 
necessary for the complete docompo.sition of the contained organic matter, some 
cracking of the oil vapours to fixed gases will occur, and a certain amount of 
fixed carbon is to be expected at the end of the pyrolysis. Furthermore, in 
commercial practice, as it is necessary to raise the temperature of the shale well 
above this temperature (380° 0.), we can expect a greatly accelerated rate of 
cracking even in the most gentle of retorting operations. The relation given 
by von Strache (1922) between the amount of contained oxygen and the heat 
of low temperature carbonisation is that heat of reaction increases with the 
increase of oxygen ; but with a very small oxygen content the heat of reaction 
is negative. The overall direction of the reaction may be found from the 
difference in heat values of the gas, oil and coke, and the heat of combustion of 
the shale. From this consideration Constan and Kolbe (1908) have fmmd that 
the reaction is 7-2% exothermic for ichthyol shales. 
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Thermal Expansion of Shale OU. 

The coefficient of thennal expansion was determined by measuring the 
expansion of a known volume of the liquid when raised from one temperature 
to another under closely controlled conditions. It has been shown that the 
coefficient of thermal expansion varies inversely as the specific gravity between 
approximately 0 • 001 for naphtha and 0 • 0008 for crude oil. The results obtained 
gave close agreement with those of the A.S.T.M. specifications for flow oil, and 
showed that these tables may be used for gravity corrections for shale oil. 
Table 2 shows the mean coefficient of thermal expansion between 20° C. and 
60° C. for oils of different specific gravity. 

Tablk 2, 


Specific 



Coefficient of 

Gravity. 



Expansion. 

0-781 



10-66x10-* 

0-794 



10-41 

0-804 



10-07 

0*825 



9-66 

0-843 



9-13 

0-868 



8*60 

0-883 



8-26 

0-896 



7-94 


From this table a chart may be constructed from which a system of specific 
gravity correction factors may be obtained. 

Viscosity of Shale Oil. 

The effect of constitution on viscosity is too complex a subject to be treated 
here, and no formulae have been found to be entirely satisfactory in this applica- 
tion. However, broadly speaking it is found that, in the case of complex 
hydrocarbon mixtures, the viscosity varies with the specific gravity, together 
with another factor, and several relationships have been put forward connecting 
viscosity with specific gravity and/or other constitutional properties. 

In the case of crude shale oil, it is found that a rough linear relationship 
exists between viscosity and specific gravity as indicated in Table 3. The 
results were determined with an Ostwald pipette viscometer under isothermal 
conditions at 100° F. The individual figures were interpolated from a graph 
resulting from many determinations over a long period of time. This table 
also shows the variation in viscosity Avith change of temperature of a typical 
crude oil, giving a viscosity index of approximately 1.50. 


TABtB 3. 


Specific 

Gravity 

Viscosity. 

Ontistokes 

Viscosity 

Centistokes 

Temperature 

at 20° C. 

at 100° F, 

at C. 

e C. 

0*87 

5-7 

16-0 

30 

0*88 

8-4 

10-8 

40 

0-89 

11-1 

7-5 

50 

0-90 

13-9 

5-5 

60 

0-91 

16-6 

4*2 

70 

0-92 

19-3 

3-3 

80 


The Specific Heat of Oil Shale. 

The specific heat of oil shale can be determined experimentally by the normal 
method of mixtures. However, owing to the varying composition of the shale 
and the varying amount of inorganic matter contained therein, one value will 
not suffice to cover all samples of shale. Employing the results of Dulong and 
von Kopp on the additive character of the specific heats, a theoretical approach 
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may be made and the specific heat of the pure organic and inorganic matter in 
shale may be determined. The composition of a representative sample of the 
ash from the Glen Davis deposits is shown in Table 4. 


Table 4. 


Chemical 

Composition. 

Percentage. 

Specific 

Heat. 

Product. 

SiOj 

67-3 

0*191 

12*85 

FejO, 

3*9 

0*155 

0*60 

A1.0, 

22*0 

0*184 

4*05 

CaO 

0*9 

0*181 

0*16 

MgO 

SOa 

0*5 

0*220 

0*11 

2*6 

0*18 

0*47 

Alkaline oxides 

2*8 

0*2 

0*56 

Specific heat of the shale ash : 

0*19 (;al./grm./° 

18*80 

C. 


The specific heat of the organic matter in oil shale may be approximated 
in the same manner from the percentage composition of the kerogen and the 
atomic heats of the constituent atoms (see Table 5). 


Percentage Composition : 

Table 6. 


0 = 

86-1%. 

H - 10*6%. 

8 - 0-6%. 

N-l-3%. 0 = 2-3%. 

Analysis 

Percentage. 

Atomic 

Heat. 

Atomic 

Weight. 

_ ^ Atomic Heat 

Percentage 

C : 

85*1 

1*76 

12 

12*5 

H : 

10*6 

2*3 

1 

24*38 

S : 

0*5 

5*54 

32 

0*09 

N : 

1*3 

3*42 

14 

0*32 

O : 

2*5 

3*48 

16 

0*54 


37-8 


Specific heat: 0-38 cals./grrn. 

Thus for dry shale with 50% mioeial matter the theoretical specific heat of 
the sample would be =0*28 cals./grm. For American shales, 

values shown in Table 6 have been found. 


Table 6. 


Shale from De Beque. . 

0 

265 

Shale from Parachute 

0 

242 

De Beque 

0 

273 

Shale residue . . 

0- 

223 

De Beque 

0 

280 


McKee and Lyder (1922). 

U.S. Bureau of Mines (Gavin and Sharp, 1920). 
»» >> »> »» 

McKee and Lyder (1922). 


Thus it can be seen that the specific heat increases with increasing “ richness 
of the shale and varies between the theoretical limits found above. 

The specific heat of the moisture-free shale was found experimentally by 
the usual method of mixtures, using an adiabatic calorimeter. It was found 
that water was not a good cooling medium because of the fact that there was 
no effective “ wetting ” of the surface of the shale. Some organic liquids were 
found to be more effective in this direction, carbon tetrachloride and nitro- 
benzene being used. The results obtained are given in Table 7. 
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TabI£ 7. 


Sample 

Ash 

Specific 

Heat. 

Specific 

Heat. 

Temperat 

Range. 

Number. 

Percentage. 

(Observed.) 

(Calculated.) 

® C. 

14 

22*2 

0*318 

0*336 

20-60 

7 

32-3 

0*301 

0*316 

30-80 

23 

56-4 

0*278 

0*271 

20-50 

42 

86*2 

0*242 

0*214 

20-60 


By interpolation of these results the specific heat of a shah* with a known ash 
content may be found. 


The Specific Heat of Shale Oil. 

The functional relationship between specific heat, and si)ecific gravity has 
not been satisfactorily determined in the case of complex hydrocarbon mixtures. 
The specific heat of most crude oils is approximately 0-5 grm. cal 8 ./grm./°C. 
and agree with the general equation 

C’p = a + + c<* (1) 

where a = 0-5 and b = 0 - 001 . 
t — temperature in °C. 

The specifle heat of petroleum oil has be<*n determined by Kraussold (1932), 
who suggested the equation Op =0-5 f 0-0011 (<- 20 ). From experimental 
work on crude shale oil from the Glen Davis torbanites it has been shown that 
Kraussold’s formula is only approximate, and a better relationship is 

Op =- 0-503 + 0-00118 (f-20) (2) 

Assuming that the variation is limsar over a limited temperature range, we maj' 
substitute “ a ” in formula ( 1 ) by a function of the specific gravity of the form 

/S where is a constant and n is a number less than 1 . 

(Sp. gr.)n’ 


A suggested equation is : 

^ 0-4915 

Op 


+ 0-00118 (<- 20 ) 


(Sp. gr.ao)' 

It is interesting to compare this equation with that suggested by Kraussold 
for flow oil. 

Op = -a + 0-0011 (f- 20 ) 

(Sp. gr. 15 )* 


Heat of Combustion of Oil Shale. 

Heat of combustion was determined by igniting a known mass of the shale 
in a Parr oxygen calorimeter, in which the sample is burnt in an atmosphere of 
oxygen imder 20 atm. pressure. The charge is ignited by means of a small fuse 
wire and the heat generated is absorbed in water in the usual manner. If 
samples showed traces of free carbon after ignition, the results were discarded. 


The results obtained are 

given 

in Table 8 . 






Table 8. 




Sample No. 

Heat of combustion 

16A 

14 18A 

23 

20A 

51 

(cals. /grm.) (corrected). . 

7,804 

7,661 5,739 

3,818 

3,150 

2,317 

Ash (per cent.) 

21*1 

22*2 24*03 

59*09 

61*52 

76*2 


This, by extrapolation, gives a value of 10,680 grms./cals. for the calorific, 
value of pure kerogen. 
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Corrections for Fuse Wire. 

The sample in the bomb is ignited by a fuse wire which is partiaUy consumed 
during the combustion. The amount of wire taking place in the combustion is 
determined and a correction of approximately 2 ’8 calories per centimetre of 
burned wire is then applied. 

Correction for Add. 

Since the combustion in the bomb takes place in an atmosphere of pure 
oxygen, there is a better chance of complete oxidation than under normal 
conations. For example, in the normal oxidation of sulphur compounds 
sulphur dioxide is produced. However, under the conditions existing in the 
bomb at the time of the explosion there are appreciable amounts of sulphur 
trioxide produced which, in the presence of water vapour, form sulphuric acid. 
As this is an exothermic reaction, some correction must be applied to compensate 
for it. The calculations are based on the assumption that all the acid is in 
the form of nitric acid, rather than to attempt to separate the two acids. How- 
ever, the ^eat liberated by the formation of sulphuric acid is greater than that 
liberated by the formation of a corresponding amoimt of nitric acid, and it 
becomes necessary to apply another correction for the heat generated above 
that accounted for in the acid correction. This is the Sulphur Correction. 
Approaching this, as previously, from the theoretical angle, we may arrive at 
the following calculation : 

Assuming 0 + Oj ^ OOg -f 94,380 grm. cals, per 12 grams 0 

H -i- |0 IHjO + 34,190 grm. cals, per 1 gram H 

N -f- Oj NOg — 7,400 grm. cals, per 14 grams N 

S + Og -> SOg + 69,300 grm. cals, per 32 grams 8 

and taking the empirical composition of typical torbanite of this deposit as : 

C =85-1%. 

S = 0-5%. 

1-3%. 

H=10-6%. 

gives a theoretical heat of combustion of 10,003 grm. cals, per grm. for pure 
kcrogen. 

Heat of Combustion of Shale Oil. 

The heat of combustion of the liquid products of the pyrolysis were deter- 
mined in a Parr oxygen bomb calorimeter using the same method as with the 
solid shale. Using different samples of oil, the following results were obtained : 

Sample No 8 17 21 14N 18N 

Calorific value, gross 

(grams/cals.) .. 10,610 10,904 11,018 10,732 11,091 

Mean value for liquid products of decomposition : 10,872 grm./cals. 

This value may be checked approximately either by means of the character- 
istics of the oil in question or by means of the ultimate composition. 

(i) From the characteristics of the oil. 

Average values of the combustion characteristics of different oils have been 
tabulated, and representative values have been assigned to the heat of com- 
bustion when such data as gravity and distillation curve are known. 

Assuming a specific gravity of 27° A.P.I. and “ mean average boiling point ” 
of 630° F., a calorific value of approximately 10,700 cals./grm. is given by tables 
published by Universal Oil Products Company of Chicago. 
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(ii) From ultimate composition. 

Assuming an average analysis of the oil as 

C -86-3 S -0 <i 

H -= 11-3 O + N = 0-4 

a theoretical value of 10,737 cals./grm. for the gross heat of combustion is 
obtained. 

The Heat Necessary to Decompose a Known Mass of Shale. 

The theoretical heat for the low temperature carbonisation of shale may be 
divided into the following sections : 

1. The warming of the shale and contained moisture from room temperature 
to 100° C. 

2. The heat of vapourisation of the water. 

3. The heating of the shale from 100° <!l. to the point of decomposition. 

4. The heat to decompose the shale. 

5. The heat to volatilise the products of pyrolysis. 

Various values have been found for these operations, varying from 
190 cals./grm. for Estonian shales to 480 cals./grm. for Americian shales. 

“ Heat of Reaction ” of the Shale. 

By “ heat of reaction ” it must be understood that Ihis t erm is not used 
in its common sense, but is meant to convey “ the heat necessary to convert a 
given mass of shale into oil, gas and coke under standard conditions ”. 

The “ heat of reaction ” of the shale may be obtained by one of three 
methods : 

1. Direct determination of the heat necessary for the* pyrolysis, calculated 
from the application of the Stefan-Boltzmann Law, allowing for radiation and 
conduction and convection losses. However, owing to the great complexity 
of the equations involved, and the many assumptions that have to be made, this 
method of determining tln! heat necessary for the decomposition is not satis- 
factory in the present case. 

2. By the use of Hess’s Law it follows that, if we determine the heat for the 
complete oxidation of one gram of shale and subtract from that the heat evolved 
when the total products of pyrolysis are oxidised completely, the differences 
should be the amount of heat necessary to cause the above pyrolysis. It is 
realised that the heats involved on both sides of this equation are comparatively 
large and are quite large in relation to the differen(*e between them (the quantity 
which wo wish to determine), and consequently some errors may be introduced 
but this method, although approximate, gave the most reliable results. 

3. Measurement of the h(>at necessary to cause shale pyrolysis by calori- 
metric methods. A quantity of heat slightly in excess of that needed for the 
pyrolysis is added to the shale under consideration, and that measured by 
suitable means. 

Gray King Assay of the Shale to Determine the Heat Balance. 

Two Gray King assays were carried out on a type sample of sliale. The 
normal condensing system was replaced by a freezing mixture of solid f’Oj, 
in which a U-tube was immersed. Every precaution was observed to see that 
the weight balance was as accurate as experimental details allowed. The Runs 
(6 and 6) were carried out under strictly controlled conditions, and the results 
are set out in Table 9. 
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Run No. . . 

Weight of shale . . 
Weight of coke . . 
Weight of oil 
Volume of gas — 

At 25° C. and 712 
At S.T.P. 

Weight of gas 
Shale (per cent.) . . 
Coke (per cent.) . . 
Oil (per cent.) 

Gas (per cent.) 


Table 9. 

5 

10-314 grms. 

4- 261 

5- 510 „ 

•m. 557ml. 

478 

0-547 grms. 
100 
41-31 
53-42 
5-30 


100-03 


11-131 grms. 

4- 766 „ 

5- 595 

550 ml. 
472 „ 
0-552 grms. 
100 
42-82 
52-26 
4-96 


100-04 


Analysis of the gas and coke produced during Run 6 showed the composition 
given in Table 10. 


Table 10. 


Composition of Gas. Composition of Coke. 



0/ 

/o 


Run 5. 

Run 6. 

Acid gases 

.. 0-13 

Volatile matter 

8-14 

10-68 

Oxygen 

.. 0-17 

Fixed carbon . . 

29-95 

27-12 

Ol^&nes 

.. 0-36 

Ash 

.. 61-91 

62-30 

Ethylene 

.. 0-18 




Carbon monoxide . . 

.. 0-18 




Hydrogen 

.. 0-45 




Methane 

., 1-70 




Ethane and higher paraHins 

.. MO 




Nitrogen 

.. 0-68 





4-95 


100-0 

100-0 
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Heat Balance on Run 6. 

Heat of Reactants : 

Heat of combustion of the shale = 7211-8 cals./grm. (observed). 
Heat of Products: 

Coke — 


Oil 


Volatile matter. . 

10-58 

4-53 

406-6 cals. 

Fixed carbon . . 

27-12 

11-61 

1123-6 „ 

Ash 

62-30 

26-68 



100-0 

42-82 

1530-2 cals. 

1— 

Mean of three determinations 

62-26% 

6661 cals. 

— 

From gas analysis and 
calculation 

472 ml. 

4-96% 

44-6 cals. 


Heat Dalanv^^. 

Shale . . . . . . . . Oil 1 Gas | Coke. 

100 . . . . . . .. 52-26 4 4*96 H 42- 82 (weight balance) 

7212 5682 + 45 + 1^)30 R 

R ~ 45 calories/grm. of shale. 

= 86 cals./grm. of oil produced. 


From the above rc'isults, which must be regarded as approximate only on 
account of the experimental errors involved, it may be seen that there is only a 
small quantity of heat transfer in the conversion of the shale into oil. The 
comparatively large amount of heat which is found to be necessary in the 
commercial retorting of shale is accounted for by heat losses and the low thermal 
conductivity of the shale. 

The determination of thermal conductivity of shale is a matter of some 
difficulty in the present case as, owing to the low value of this characteristic, 
one face of the shale has to be maintained at a relatively high temj)erature, and 
this will always cause some decomposition. The thermal conductivity of 
American oil shale has been determined by Mc.Kee and Lyder (1922), for which 
they report a value of ()• 00086 c.g.s. units. Winkler has recorded a result of 
0-0005 as the thermal conductivity of Estonian oil shale, but he does not state 
whether it is air-dried or moisture free. As an interesting comparison, the 
following equations have been proposed by the Inlernational Conference in 
Pittsburgh in 1981 for the thermal conductivity of coals. 


For a coking coal : 

Thermal conductivity — 0-003 -f 0-0016 x 10-“t + 0-0016 x 6 x 10‘ 

P'or a middle gravity coal : 

Thermal conductivity = 0-003 -f 0-0013 x 10“=< -f 0-0015 x J0“®<^. 

Cp. U.S. Bureau of Mines value 0-0038 c.g.s. units [Gavin and Sharp 
(1920)]. 


Summary. 

Several salient features of torbanitc i)yro]ysis hav<‘ b(H*n investigated, 
and it has been shown that the oil is produced by tin* decomposition of a semi- 
sblid intermediate phase, and there is no din'ct conversion of the original organic 
matter into crude oil and gas. The nature of this reaction is by no 
means regular — the two controlling factors in the nature of the oil produced 
are time and temperature. Values have been found for the following 
properties of the crude oil obtained from Glen Davis torbanitt*, viz., thermal 
expansion, viscosity, specific heat and heat of combustion, and in most cases 
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values have been determined also for the torbanite or oil shale as it is generaJly 
known. 
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MOVING SOURCES OP HEAT AND THE TEMPERATURE AT 

SLIDING CONTACTS. 

By J, C. Jaegee. 

Maniucript received, August 19, 1942, Read, Oci(A)er 7, 1942, 


1. InTEOJ)UCTI()>. 

Problems involving moving sources of heat arise frequently in practice, 
notably in the calculation of temperatures at sliding or cutting contacts, but 
despite their importance they have not been studied systematically. One 
reason for this is the uncertainty of the nature of the contact, and anotlier the 
very wide range possible in the numerical parameters ; these facts piactically 
limit mathematical discussion to numerical calculations for a particular model 
of a particular system, and make general discussion difficult. In this paper an 
attempt is made, in connection with the problem of plane sliding, to g(>t out fully 
the assumptions made and the numerical consequences of the matlu'.matical 
theory in a form in which it is hoped they can easily b(5 used by experimenters 
to discuss particular models of sliding surfaces. 

In §§2-9 the theory of uniform plane sources of heat of various shapes 
moving with constant velocity in the surface of a semi-infinite medium with no 
loss of heat from the surface is discussed. In §§4, 5 the temperatures attained 
in the plane of the source when the motion has gone on infinitely long are given, 
and in §6 the way in which these temperatures build ux) is considered. The 
temperatures within the medium are calculated in §7. The maximum and 
average steady temperatures over the area of the sourc(f are collect<Hl in §9. 
In those sections the strength of the source is taken to be constant over its area ; 
a brief discussion of variable strength is given in §12. One case in which the 
strength and velocity of the moving source vary with the time, namely the 
temperatimi flash occurring with a simphi type of relaxation oscillation, is 
considered in §l.‘l. .\11 these solutions are exact ; in §10 the problem of one 

substance sliding on another is considered ai)proximately by a method due to 
Blok (1937).* Some* numerical calculations for this i)robh‘in arc* given in §11. 


2. Notation and fundamental solutions. 

The notation of Carslaw's “Conduction of Heat ” [Ed. 2 (1921)] will be 
used throughout, namely, v for temi)erature, K for conductivity, c for specific 
heat, p for density, x--Klpe. When numerical values are used they arcs always 
in e.g.s. units. 

The temperature at the point {x, y, z) at lime t in an infinite solid, initially 
at zero temperature, due to a quantity of heat Q instantaneously liberated at the 
point (x', y', z') at zero time ist 


Qx 


exp 


■ixt 


SK(nxtyi^ 

This we shall call the temperature due to an “ instantaneous point source ”. 


d 


( 1 ) 


♦ In this important paper the sliding of a square source is considered with its application 
to the problem of the surface temperature of sliding metals. The discussion, however, is very 
condensed, the mathematical problems are not considered in detail, and there are few numerical 
results. The point of view alk) is different ; the average temperatures, which are made funda* 
mental here, are not discussed. 

t Carslaw, lac, cit,, p. 150. His solution is for a quantity of heat Qpc liberated at the point. 



204 


J. 0. JAEOBE. 


If we replace ^ in (1) by Qdy', and integrate with respect to y' from — oo to oo, 
we obtain the solution for an “ instantaneous line source parallel to the y-axis 
and through the point (®', 0, z'). Here Q heat units are instantaneously liberated 
per unit length of this line at zero time in the infinite solid. The temperature 
at the point {x, y, z) at time t due to this is * 

Q r (x-xy+(z-zy 

[ — w — ^ 

The solutions for moving sources below are obtained by integration of 
these fundamental solutions. 

3. Problems on moving plane sources. 

The ultimate object of this paper is the calculation of the temperature 
in a semi-infinite solid, «<0, on which another body slides. We shall always 
take the plane of sliding as the plane z=0, and the sliding to bo with constant* 
velocity V along the axis of x. We shall usually assume that heat is liberated 
at a constant rate of q, per unit time, i)er unit area, over the instantaneous surface 
of contact, and that there is no loss of heat from the remainder of the surface. 

If the sliding body were a non-conductor, tho whole of the heat would be 
taken up by the solid z<0, and tho problem would be that of a uniform source 
of heat moving in the surface z~0 of this region with no loss of heat from the 
surface. This idealised problem can be solved exactly and the solution is given 
in §§4-9 ; the case in which the sliding body is of finite conductivity is then 
discussed approximately in §§10, 11. 

The shape of the surface of contact is usually not known, but it may 
approximate either to a long narrow band, as in the case of cutting tools, or to a 
closed region of approximately constant diamel er, as in the ordinary case of the 
slidin ' of one body on another. Accordingly we consider the mathematically 
most tractablef cases of these types, namely 

(i) The band source of lengthX 21 in which heat is liberated uniformly at the 
rate q per unit area per unit time over an infinite strij) parallel to the y-axis and 
of length 21 along the a;-axis. Tho source moves wit,h velocity V in the 
if-diroction. 

(ii) The rectangular source of sides lil parallel to the x-axis and 2b parallel 
to the y-axis in which heat is liberated uniformly at the rate ofv q per unit time 
per unit area over the rectangle. The centre of the rectangle moves with velocity 
V along the aj-axis. Numerical results will mostly bo given for the square source 
in which b—l, but it is of some advantage to have the more general theory. 

The temperatures due to the band and square sources are calculated in 
§§4, 5 ; other shapes are considered in §9. 

4. The steady temperature due to a band source of width 21 moving with velocity V 
in the plane z=0 of the semi-infinite solid z<0 with no loss of heat from the 
plane z=0. 

The band source is to be parallel to the y-axis and of length 21 parallel 
to tho aj-axis ; heat is liberated at the rate q per unit time, per unit area, over 
the area of the source. The result will be twice that for the same source moving 


* There is no difficulty in considering variable velocity. Systems in which V and q va^ 
with the time are frequently specified by the physical problem ; one such case is discussed in 
§13. It is possible also that q varies over the surface of contact, though it would be difficult to 
find the law of variation ; some oases of this type are considered in §12. 

t In these cases the integrations in x and y can be performed independently. 

J We shall always call the dimension of a source in the direction of motion its length, and 
that perpendicular to the direction of motion its width. 
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in the same way in infinite medium, since in the latter case there is no fiow of 
heat over the plane z=0 and half the heat liberated will go into the region 
z<0. 


We suppose that the motion has gone on infinitely long, so that steady 
conditions have been attained, and that at the instant considered, zero time, 
the centre of the band is at the origin. We calculate the temperature at this 
time at the point {x,0,z). At time t earlier, the centre of the band was at ( — Vt) 
and by (2) the temperature at zero time at the point {x,0,z) due to a line source 
of 2qdx'dt heat units per imit length, parallel to the y-axis and through the 
point (x'—Vt,0,0) is 


qdx'dt 


4x< 


(3) 


To find the temperature at zero time for the band of length 21 wliich has 
been moving for infinite time, we integrate (3) with respect to x' from —I to I, 
and with respect to t from 0 to oo, and obtain 


v = 


H co 

dt r 
T ' 

i:- 


(x—x' + Vt)--\-z 
4)tt 


.... (4) 


{I: 


[{x-x')^+z^^^dx' (5) 


where Ko{x) is the modified Bessel function of the second kind* of order zero. 


Introducing the dimensionless quantities 

yi 

^ 2k ’ ^ 2x ’ 2x’ ^ 

(5) becomes 


_Vx 

II 

is 

Vz 

2x ’ 

2x ’ 

2x’ 


^X -\-L 


2gx 

Try 

- 

—u 

e 


tzKV 


e Kf,{Z^ du 




( 6 ) 

(7) 


For the present only the temperature in the plane of the source, z=0, 
will be discussed, other values of z are considered in §7. Putting Z=0 in (7) 
it is seen that the temperatures in the plane of the source are given by 


where f 
so that 


■kKV 


2(jx 
I(x) = 


V =I(X 4--C) — I(X —L) 

'x 


s: 




j( -«) = - 


r 




(8) 

(9) 

( 10 ) 


♦ C£. Gray and Mathews^ TrecUise on Bessel Functions (Ed. 2, 1922), p. 21 (definition), p. 313 
(tabulation). The integral required in (4) above is p. 51 (31). 

1 1 u if u>0. 

= — if w<0. 

Q — October 7, 1942. 
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Tabia 1. 


X 

m 

X 

m 

X 

m 

X 

/(«) 

X 

/(«) 

~ao 

- 10-277 

- 2-0 

- 2*760 

1 

- 1*0 

- 1-781 

0 

0 

1*0 

0-982 

-16 

- 8-789 

- 1-9 

- 2-666 


- 1-664 

0-1 

0*828 

11 

0-946 

-10 

- 7*024 

- 1*8 

- 2-678 

- 0*8 

- 1*641 

0-2 


1*2 

0-966 

-9 

- 6-023 

- 1*7 i 

- 2*489 

- 0*7 

- 1*412 

0*8 

0-626 

1*8 

0*966 

-8 ’ 

- 6-199 

- 1*6 

- 2*397 

- 0*6 

- 1*276 

0-4 

0*713 

1*4 

0*972 

-7 

- 6-748 

- 1*6 

- 2*802 

- 0*6 

- 1*128 

0*6 

0*778 

1*6 

0-977 

-6 

- 6-266 

- 1-4 

- 2-206 

- 0*4 

- 0*969 

0-6 

0-827 

1*6 

0-981 

-6 

- 4*741 

- 1-3 

- 2*106 

- 0*8 

- 0*794 

0*7 

0*864 

1*8 

0-987 

-4 1 

- 4-164 

- 1-2 

- 2*001 

- 0-2 

- 0*696 

0*8 

0-892 

2-0 

0 991 

-3 

- 3-613 

- 1-1 

- 1-893 

- 0-1 

- 0-857 

0-9 

0*914 

00 

1-0 


For small x 

i(aj) = -2-303ajlogio|a!|+l-116a;+ (11) 

If X is largo and negative, say x< —10, we have approximately 

7(a;) = -v'(27t|a:|)+l-003 (12) 

In Table 1 a short table of values of I{x) is given ; (11) and (12) will be seen 
to give adequate approximations in the relevant regions. 



In Fig. 1 the values of (7cirF/2gx)t>, which give the temperature variation 
in the plane of the moving source, are plotted, for various values of Z, in terms 
of the ratio 


l^XIL=x!l. 
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These vary from the symmetrical form for very small L, given, for small X, 

t>y 

tcKV 

^ V = -2 • 303( JT +i)logi„|Z +i| 

+2-303(Z-2/)logio|Z-iH-2-232 L (13) 

to the form for large L, given, approximately, by 

nKV ) 


-V ={2v:(L —X)}^ 


L<X<L 


-(27t)»{(i-Z)»-(|Z+i|)i}, X<~L ) 
this has a maximum at the rciar end of the source, X — ~L. 

For intermediate values of L the curves show a maximum at some j)oint 
between the centre and the rear of the source, which moves progressively towards 
the rear as L increases. 


5. The steady temperature for a rectangular source of sides 21 and 2b, parallel to 
the X and y axes respectively, whose centre moim with velocity V along the x-axis 
in the plane z=0 of semi-infinite solid z<0 with no loss of heat from the plane 
z=-0. 

Here, by the method of §4, using (1) in place of (2), we obtain for Ihe 
temperatur(« at tlui point (x,y,z), when the centre of tlic sourcte is at the origin, 

J riX-\-L nT+B 

e-’J dri I (1.5) 

X-L Jy-B 

wherti the notation (0) has been used, and 6F/2x=J'i. In the plane 2=0 there 
is now a temperature variation in y as well as in a? ; the temperature is greatest 
at points on tlie .c-axis. Here, putting Y—Z={) in (15), we have 

f^X +L nB 

2xg 1 ' (7)*+^*)* 


»Z + L 


X-L 


C-"lA'„(|73|)d7J- 


Z-fL 


X-L 




For large B the result (17) tends to that for the band source, (7), and for 
moderate values the difference is small. 

For small values of L, X and B we may replac«^ the exponentials in (lO) 
by unity and obtain approximately 


-|-{i-Z) log, 


z+i 

iS + [(i-Z)2+B2]» 

L-X 


-\-B loge 


L-Z-||(X-Z)2+B2]i 
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for the most important case —L<X<L, with similar expressions for the other 
regions in X. 

The temperatures for a square source at points on the a^-axis are shown in 
Pig. 2, where (nKVv/2qK), given by (16), is plotted against ^=XIL=xll. Curves 
I, III and V are for £=0-2, 1 and 2, respectively, while curves II, IV and VI 
are the corresponding ones for the band source. It is seen that even for values 



-2 -/ 0 12 

x// 

Fig. 2. 

of L as small as 1 the difference between the temperatures for square and band 
sources of the same L is small ; for much smaller values of L the difference is 
important, but then simple approximation formulae are available. The question 
is further discussed in §9, where the maximum and average temperatures for 
band and square sources are given. 

Since for this problem when £> 1 the behaviour of band and square sources 
is so similar, it fellows that when discussing more complicated problems such as 
those of §§7, 12, 18 it is sufficient, if £ is not too small, to treat those for the band 
source, for which calculations are usually much easier, and the results for the 
square source may be expected not to be very different. 
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6. The case in which motion of the source has taken place for a finite time T. 

We consider a rectangular source with sides 21 parallel to the a;-axis and 2 b 
parallel to the ^-axis. Its centre moves with velocity F along the .«-axis in 
the plane z =0 in semi-iuhnite medium z<0 with no loss of heat from the plane 
z=0. Suppose that at time T the centre of the source has just reached the 
origin. It follows from (1) that the temperature at time T at the point {x,y,z) is 

r T nb 

dt I , . I 




[T—ty 


9^ 

'2KV{2n)i 


H b 

dy' 

-b 


• F2T/2X 


_ f [(x-Jo' + V(T-t)f+(y-yT+z^^ 
exp 1 ^ 4x(I^V) 

^^~ZY2u Y+B Y-B) 

u* I (2m)* (2m)* ) 


X (erf _ erf 

(2m)* (2m)* 


where, as before, 
^ Vx 



Vz 


lix ’ 

2x’ 

2x’ 

2 

f*x 

e-^'du 

evt _ 

1 





.iv. .iv. 


so that erf oo— 1. 

Letting J? = qo in (19) we find for the band source 

nV^T/2x 


uKv ./7t\* r 




and if T — 00 in this we obtain an alternative form of (7). 

For points on the x-axis, we put Y —Z=0 in (19). This gives 

J F*T/2x 

dM( .Y+L-hu ..Y~L+u) . B 

(2sr‘ 


• (19) 


€■ du (21) 


and if 1’ = 00 in this we obtain an alternative form of (17) which is sometimes 
convenient. 

We may also obtain from (19) a convenient form for the average temperature 
over the area of the source 

dX ^ vdY (24) 
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It is given by 

tzKV _ 1 /:t\* 
2gx 



F*T/2x 

uidi(<^{B{2lu)i) 


X 




r® 

where <^(x)— I erf x dx 

Jo 


=03 erf X- 


~i H — i C' 
7t* TU* 


03-= 


( 26 ) 


(26) 


Letting B->oo in (25) we obtain the corresponding result for a band source 
F2T/2X 


■kKV _7T* 


J V^Tl2y. 


(27) 


As an illustration of the. way in which the temperatures build up to the 
final values given in §§4, 5 the temperatures at the centre, X = ¥=Z~{), of a 
square source, B=L, calculated from (19) are shown in Fig. 3. (nKVvf2gx) 
is plotted against F^T/2 k for the values 0-2, 0-5, 1, 2, 5 of Z. In Fig. 4 the 
time 7” to reach half tlie final value is shown, V^T'l2y. being plotted against L. 


7. Penetration perpendicular to the plane of the source. 

The most important quantities for practical applications are the 
temperatures in the plane of the source, 2 != 0 , but the temperatures for other 
values of z are easily obtained from (7) or (22) for the band source, and from 
(15) or (19) for the square source. Only those for the band source will be dis- 
cussed here since they are easier to calculate and contain all the essential features ; 
the temperatures for the square source are of course lower. 

In Fig. 5 curves of {■KEV/2qy.)v plotted against 'z^=XIL=xll are given for 
a band source of length L =1 for the values 0, 0 • 2, 0 • 5, 1 , 2, 4 of The maxima 
of the curves are seen to move stoadUy to the left as Z increases ; this efl'ect is 
caused by diffusion of heat from th(‘ surface inwards after the source has passed. 

To show how the temperature varies with Z for different values of the length 
of the source, {TvKVj2qyi)v at the rear end of the source, X — —L, is plotted 
against Z in Fig. 6 for the values 0 • 2, 0 • 5, 1, 2, 4 of i. As a numerical example 
we consider the case discussed in §11, Table III, 1=0-001 cm., F =700 cm./sec., 
X =0 -173, so that L =2. Here it follows from Fig. 6 that the temperature in the 
medium below the rear end of the source has fallen to 1/10 of its surface value 
when Z=3, i.c. at a depth of 0-0015 cm. Thus in most cases the penetration 
into the medium is extremely shallow, and from this several results of practical 
importance follow : (i) the thermal stresses due to these fluctuating temperatures 
will be very superficial, (ii) a change in thermal properties of a thin layer on the 
surface may make a large change in the surface temperature.* If the con- 


* This remark applies in moving sources and not to the stationary sources of §8 for which 
the penetration, given by (28), is deeper. 
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ductivity of the surface layer is raised, for example by applying a thin coating 
of a good conductor, the surface temperature will be lowered ; while if the 
conductivity of the surface layer is lowered, the surface temperature will be 
raised. 

At the same time it should be remarked that, although the penetration 
is small, it is fairly large on a molecular scale, and thus estimates of surface 
temperature based on the heating of monolayers will not be satisfactory. 


8. Stationary sources. 


The temperature at time t, at the point {x,y,z), in the semi-infinite solid 
z<0 with no flow of heat over the surface z=0, due to heat supplied at the rate 
q per unit time per unit area over the square —l<x'<l, —l<y'<l, z'—O, com- 
mencing at zero time, when the solid is at zero temperature, is 


qx 


iK(TCX)^'^ 


r ^ V 

dt' 

r -t/ 

fir' 

1 dy’ exp 

(X —x')^ -f (y —?/')* -fa:*'] 



4x(<-f') J 

0 mj 

-l 

J-l 



To find the steady state temperature we put t = oo in this and obtain 
V 

dy'{(x- x')^ + (y -y')® 

-I 

(28) 

The maximum temperature occurs at x—y—z—i) and is* 


2K-n: 




loge (H-V2) -1-122 I 


(29) 


The average temperature over the area of the source is 

^|loge (l + V2)~^f^-^j =0-946 ^ (30) 

The corresponding result for the maximum tcunperature for a circular source 
of radius I is 


ql/K (31) 

One further result of this type a\t 11 be needed subsequently, namely, the 
temperature in a semi-infinite square-f rod of side 21 which radiates heat from 
its faces with emissivity <t. There is a source of strength q per unit time per 
unit area over the end and no loss of heat from the end. Then, when the source 
has been established for a sufficient time for steady state c-onditions t o be attained, 
the temperature in the source plane is (treating the problem as one-dimensional) 



(32) 


9. The maximum and average steady temperatures over the area of the source. 

These are the most important quantities for physical applications and are 
collected here for reference. In experiments in which temperatures are measured 
by using two sliding metals as a thermocouple it is the average temperatures 
which are measured. 


* In Blok, (1937) (8), there is a misprint of 200 for 2. The exact value is 4n~i log* (1 -|- ■\/2) 
=1-989. 

t This is the model of Bowden and Bidler (1936), except that a square rod is used here in 
place of their round one. This paper will be referred to as B.B. 
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From the results of §4 it follows that for a band source 
(i) If L is large, say Ii>6, the maximum temperature is (using (14)) 


_2£ / 2x?y 


(33) 


and the averse temperature over the area of the source is 
8gxL* l-064}/xl\* 

SKVt^^ K \Fj 


(34) 


(ii) If L is small, say i<0-l, the maximum temperature is (using (13)) 


-^,.{-2-303£ log,o -L+1116X} (36) 

7CA V 

and the average temperature is 

-^{-2 -3031: login 2L+l -616i} (36) 

7CiC V 


For the square source we have from the results of §5 : 

(i) If Ii is large, the maximum and average temperatures are nearly the same 
as those for a band source, namely, (33) and (34). 

(ii) If L is small, the maximum temperature is, from (18) 

^ loge (1+V2)=1-122 I (37) 

and the average temperature over the area of the source is 

+ (38) 

For intermediate values, i.e. 0-l<Ii<6, where the above formulae do not 
hold, the maximum temperatmes must bo obtained from curves such as those 
of Figs. 1 and 2 and the average temperatures are most easily calculated from 
(25) and (27). These results are given in Fig. 7 where (TzKVl2xq) times the 
maximum and average temperatures for band and square sources are plotted 
against L. Curves T and II are the maximum temperatures for the band and 
square sources respectively, while curves III and TV are average temperatures 
for band and square sources. 

It can now be seen that the temperatures (and in particular the average 
temperatures of Fig. 7) for the square source may be used for any not too irregular 
shape of source. Several cases may arise : (i) If 2 the difference between 
the band and square source solutions is small, it follows that for lengths of this 
order elongation of the source perpendicular to the direction of motion does not 
affect the result, (ii) For very small L the results for the band and square 
sources do differ, the former behaving like L log L and the latter like L. (iii) For 
very small L the results for the moving source tend to those for a stationary 
source of the same size and strength, this was pointed out by Blok (loc. cit.) j 
for example, (37) and (38) for the moving square source with small L are identical 
with (29) and (30) for the stationary square source. This result enables us to 
compare the results for shapes other than rectangular ; for example, (29) for 
the maximum temperature in a square source of side 21, and (31) fhr a circular 
source of diameter 21 differ by 12 %, so that such a change of shape of the source 
which does not affect the length in the direction of motion may be expected not 
to affect the temperature materially, (iv) There remains the possibility of a 
source elongated in the direction of motion ; an increase of L for constant B 
will give a large increase of temperature which may be calculated from the 
rectangular source formulae, but the question of the greatest practical interest 
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Fig. 7. 

in this and the other eases is the way in whudi the average temperature over the 
area of th(^ source varies when the shape of the source varies but its area remains 
constant. This is most easily studied by considering rectangular sources with 
constant LB : in Table II average temperatures are given for the case LB—1. 

Table 2. 


L. 

B. 

(tzKV l2y.q)v^Y, 

5 


1-243 

2 

0-5 

1-792 

1 

1 

1-879 

Of) 

2 

1-580 

0-2 

5 

0-994 


It is seen that incrcsasing the width B of the source at the expense of the 
length L lowers the average temperatures, which for large widths tend to those 
for a band source. Increasing the length at the expense of the width also lowers 
the average temperature, but to a rather less degree. The most interesting 
point which emerges from Table II is that for the wide range of shapes considered 
there, the average temperatures differ by a factor of loss than two. 

Finally it may be remarked that the curves of Fig. 7 show the relativ'e orders 
of magnitude of the average and maximum temperatures ; thus if the average 
temperature is known (e.g. experimentally) the maximum temperature can be 
inferred. 
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10. ApplieaUtm to the tmrface temperature of eliding eolide. 

The practical problem arising in connection with the generation of heat by 
friction is the following ; one substance, which we shall call the slider, of thermal 
properties i^ 2 ? slides with velocity V over the surface of a second substance, 
JTj, X,, which is at rest. 



a 


b 


Fig. 8. 


We shall discuss two types of slider, represented by Fig. 8, (o) and (b). 
In the former a protuberance of the semi-infinite substance 2 slides on the 
semi-infinite substance 1 ; this is the case normally encountered, the latter 
case of a long thin slider has been discussed by Bowden and Eidler (loc. cit.), 
who have used it to discuss their experimental results. 

We may reasonably assume that heat is generated at a uniform rate per 
unit time per unit area over the common surface, and that there is no loss of 
heat from the portions of the surfaces not in contact, so that the model of the 
preceding sections in which a source moves in the surface of a semi-infinite 
medium provides a first approximation. If the substance 2 were a perfect 
insulator the moving source theory of §§3-7 would be exactly applicable in the 
medium 1 ; likewise if the substance 1 were a perfect insulator the stationary 
source theory of §8 would be exactly applicable in the medium 2. The practical 
case in which both bodies have finite conductivity is much more diflicult, the 
slider is heated by the source and oooled by the oncoming cooler portions of 
substance 1 , while the substance 1 is heated both by the source and by conduction 
from the slider. An exact discussion seems to be out of the question* at present 
so we use the following approximate method.f We assume that when a steady 
statej has been attained a fraction a of the heat q per unit time per unit area 
generated over the area of contact passes to the substance 1 and the remaining 
fraction (1 —a) to the substance 2. a then will be calculated by the requirement 
that the average temperature over the area of contact calculated by §9 for a 
moving source xq in substance 1 equals the average temperature calculated for 
substance 2 by §8 with a stationary source (1 —x)q. Any method of this sort 


* It is possible to give an exact treatment of particular models, but these are very cumber- 
some and add nothing to the general conclusions. 

t Due to Blok, foe. dt. He uses it first for a stationary source at a junction of two media of 
different oonduotivities and then applies it to the problem of a moving slider, using a different 
criterion to that developed here. It should be remarked that even for a stationary source the 
method is only strictly accurate after infinite time when steady state conditions have been 
attained : for finite time the heat will divide between the two media in a different ratio, for 
example an instantuieous infinite plane source at the junction divides in the ratio 
in of ffi/ffg. 

} This assumes that motion has gone on for a time of the order of those in {6, F4i. 4. 
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wiU necessarily be approximate since the two temperature distributions over 
the area of contact calculated in this way will be different, thus any reasonable 
criterion for calculating a may be used ; that of equating average temperatures 
used here has been chosen because the average temperature is the quantity 
experimentally observed, and also because it is easily calculated and the single 
quantity best representative of the temperature distribution, a of course will 
depend both on the velocity, the area of contact, and the thermal constants of 
the two substances. Bowden and Bidler, loc. cit., consider the slider only and 
take a to be a constant, so their discussion is not satisfactory. 

We now calculate the average surface temperatures on the above 
assumptions. 


Case (i). A semi-infinite slider Kg, Xg, with a square contact of sides 21 
moving with velocity F on a semi-infinite medium Xj [cf. Fig. 8 (o)]. We 
suppose a fraction a of the heat g generated per unit time per unit area to go to 
the medium and (1— a) to the slider. 

If i/=F7/2xi is small, equating the average temperatures over the area 
of contact given by (38) and (30) we have 

0 • 946 ^^ =0 • 


Thus 






K, 


and the average temperature is 0‘946 


(39) 


ql 


JTi+iTg 

For the case in which L is large, comparing (34) and (30) we have 


(40) 


1064 






* l l2bKgXg^ + Ki{lV)i 

and the average temperature over the area of contact is 

1064 


<lW 


(41) 


(42) 


1-125 

If V is large enough for the first term of the denominators of (41) and (42) 
to be neglected, we have a=l and (42) reduces to (34) ; no heat is taken by 
the slider and the surface temperature is that due to a source q moving in the 
medium 1 with no loss of heat over the plane »=0. - 

For intermediate values of L the average temperatures for the substance 1 
must be obtained from Fig. 7, curve IV. If y = {-KKgV j2a.qxi)Vt,y is the ordinate 
of this curve for abscissa L we find, equating this value to that obtained from (30) 

1-486 IK^V 


1-486 lKgV-\-XiK^ 
and the average temperature is 

0-946 Ixiyq 
1-486 IKgV+x^ ' 


(43) 


(44) 


Case (ii). A long square slider of side 21, with thermal constants Kg, Xg 
and emissivity a from its sides, slides with velocity F on a semi-infinite medium 
Kg,x, [cf. Fig. 8 (6)]. If, as before, we suppose a fraction a of the heat generated 
to go to the meditun 1, comparing average surface temperatures (38) and (32) 
gives, for the case of L small. 
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Thus «-jf^^l.338(«i'*(T)* 

and the mean temperature over the area of contact is 

0-946 ql 

iSTi+l-SSSaiTja)* ' ^ 

If L is large, using (34) and (32), we find 

(47) 

liriF*+l-504(jtilir8o)* ' ^ 

and for the average temperature 

1 064 g(x^l)* 

iriF*H-l-504(xiiiraa)* ^ ' 

Here, as in Case (i), if F is large, a->-l and the average temperature to (34). 

For interme^ate values of L we use (32) and the results of Pig. 7. 

11. Numerical calculations of particular eases. 

Any attempt to calculate temperatures on the above basis requires a 
knowledge of $, and this requires a knowledge of the size and number of the 
points of contact. For this reason we consider only the case of a single contact 
which we shall take to be a square of side 21. Then if the load on the slider 
is TF gm., the coefficient of friction ji, and J the mechanical equivalent of heat 

^_\LWgV 


4i*J 


(49) 


(50) 


We consider first the model of Pig. 8 (a), §10, Case (i) ; inserting (49) in 
the results (40) and (42) we find for the average temperature over the area of 
contact, if i=lF/2xi is small, 

0-236 \LWgV 
U (jffj -{-S-i) 

and if L is large the result is 

0 266 Xi*iLWgV 

U(l-125 ir2Xi*+Zi(lF)*) ’ 

If the area of contact remains fixed the temperatures attained are thus 
proportional to the velocity when!/ is small, and to the square root of the velocity 
for large L. For intermediate values of i a transition curve given by (44) and 
(49) is obtained. This is best illustated by a numerical example involving this 
range. We consider mild steel sliding on mild steel with Z^i==Jr2 =0-144, 
Xj=>cj =0-173, Tr=400, (i=0-23, 1=10-®. The results are shown in Table III, 
where the values of L, a defined as in §10, and the average temperature Wav arc 
given for various values of F. 


r . 

L, 

1,600 

4*34 

1,000 

2*89 

700 

2*02 

500 

1*45 

200 

0*678 

100 

0*289 

70 

0*202 

50 

0*145 

20 

0*058 


a. 

Vav. 

0*74 

°C. 

1,370 

0*70 

1,040 

0*67 

810 

0*64 

630 

0*58 

300 

0*54 

160 

0*53 

115 

0*52 

85 

0*61 

35 


Tabub 3. 
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It will be seen that a tends to | for small values of F, and increases steadily 
as V increases. Also the curve of Vav against F shows a slight curvature over 
all but the early part of its length, say for F>200, i.e., i>0-5. The experi- 
mental curves of temperature against velocity in B.E. are linear for temperatures 
not too close to the melting point, this indicates that small values of L must be in 
question, say I/<0'5. For example the curves, B.B. Fig. 6 (a), for constantan 
on mild steel are linear up to F =1,000, and the criterion i <0 • 5 implies for this 
case l<l’7xl0~* cm. The temperature calculated from (44) and (49) for 
constantan on mild steel with F =1,000, i=l-7 xl0~*, is 3,140° C. as against 
940° C. experimentally. Thus the criterion i<0-5 is perhaps too restrictive; 
if we take I =4 *5 x 10“*, which gives theoretically 940° C. at F =1,000, the curve 
of temperature against velocity has a slight curvature, for example its value 
at F =500 is 560° C. as against 470° C. experimentally. It appears that fairly 
good agreement between theory and experiment can be obtained in this rather 
extreme case provided I is taken to be small ; in most cases I will be small and F 
moderate, so that L will be small, the temperature curves will be linear, and 
(50) may be regarded as the most suitable simple formula for comparison with 
experiment. 

We now consider the model of Fig. 8 (5) and §10, Case (ii) ; this has the 
considerable disadvantage that 41^ enters both as the area of the slider and the 
area of contact ; in practice, even with a narrow slider, the area of contact will 
be much less than the area of the slider and the problem will approximate to 
that of Fig. 8 (a). It seems worth while discussing the model briefly on account 
of its use in B.K. 

Introducing (49) in (46) and (48), the average temperature over the area 
of contact for small L is found to be 

0-236 iiWgV 

««7(iri+l-338(fAf2(T)»j ^ ' 

and for largo L 

0-266 [LWgVv.^ 

jz»/*(ii:iF*-t-i-504(xiiir2(T)*) ^ ' 


(52) and (53) are free from the objectionable features* of the formula [B.E. 
(5), 71 is replaced by 4 to correspond to a square slider, and a by 1 —a to correspond 
with the present notation] 


(1 —ix)(iWgV 


(54) 


iJl(2<jK^)i 

wiiich, if a is taken to bo constant as in B.E., makes the temperature tend to 
infinity as (t-> 0, or as K^^O. 

In Table IV calculated average temperatures for several values of I are 
given for the case considered in B.E. (Table I, p. 643] of a constantan slider, 
A!2=0-055, o=0-00095, sliding on a mild steel surface, Ari=0-144, Xi =0-173, 
with F=100, IF =100, (i=0-23. The three columns give the result calculated 
from (54) with a = 4, that calculated as in §10, C’ase (ii), and that calculated 
as in §10, Case (i), for constantan on mild steel. 

It will be seen that (54) with a=| indicates results which are far too high, 
since the value of a in all cases is in fact almost 1. The conclusion seems to 
be that, though high temperatures can be obtained theoretically, they require 
much smaller areas of contact than those indicated in B.E., Table I. 


* The formula (64) has been criticised by Morgan, Muskat and Reed (1941), on the ground 
that it makes the temperature tend to infinity as l-»'0. This, however, is simply a consequence 
of the assumption (49) that a finite quantity of heat \xWgVIJ per unit time is liberated at the 
souroe ; if the area of the source tends to zero we have a point source of finite strength which 
gives infinite temperature at the point. 
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Tabu 4. 


t 

(64) 

Case (u). 

Caae (i). 

cm. 

•c. 

•c. 

•c. 

0*05 

59 

0*4 

0*3 

0*0158 

332 

1*9 

1*7 

0*005 

1,860 

9*8 

8*1 

0*001 

20,770 

75*0 

57*0 

0*0005 

50,000 

164*0 

120*0 

0*0001 


880*0 

640*0 


Finally the way in which, other things being equal, the average temperatures 
vary with the conductivities of the two substances may be considered. It has 
been remarked above that (50) is the simplest formula likely to give reasonable 
agreement with experimental results. This gives a temperature proportional to 

1 

while (54) gives a temperature variation with and rather better agreement 
with experiment.* The way in which the temperatures vary can be seen from 

Table V, which shows „ and for various combinations. 


Table 6. 


Substance 2. 

Substance 1. 


Kf 

1 


«i+«. 

Copper 

Mild steel 

0*918 

0*144 

0*94 

1*04 

Bfild steel . . 

Mild steel 

0*144 

0*144 

3*47 

2*63 

Lead 

Mild steel 

0*0827 

0*144 

4*41 

3*48 

Bismuth . . 

Mild steel 

0*0194 

0*144 

6*12 

7*18 

Copper 

Copper 

0*918 

0*918 

0*54 

1*04 

Glass 

Copper 

0*0017 

0*918 

1*09 

24*0 

Silk 

Copper 

0*0001 

0*918 

1*09 

100*0 

Silk 

Glass 

0*0001 

0*0017 

550*0 

100*0 


It is seen that for ordinary values of the conductivity, with the IjiKi +£ 2 ) 
law a fairly large variation in average temperature can be obtained by varying 
the conductivity of one of the substances, but extremely high values of the 
temperature cannot be obtained imless both substances are of very low 
conductivity. 

12. Sources whose strengths vary over their area. 

In all the preceding sections the strength of the source has been assumed 
to be constant over its area. If the strength of the source varies over its area 
the problem may be treated in the same way ; since there is no clear indication 
from physical considefatlDns of the law of variation we confine ourselves to 
showing that for the simplest problem of this type, namely a band source of 
length 21 moving with velocity V in the fc-direction in the plane z=0 of 
semi-infinite solid z<0 with no loss of heat from the plane 2 =^ 0 , the 


* The oompariaoiiB with experiment ere not wry eatufactory nuee for find F and TF it may 
be expected riiat (i and I will also depend on the sliding Substanees. 
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tuiiipur<iturd lUHtributiunK lor various simple laws of variation whicli (^ivo the 
same total boat emission per unit time per unit len$;th of the band are not very 
different. 

If the strength of the source is qf(ip') we obtain as in §4 in place of (5) for 
the temperature in the plane »=0 




X/^ 


Fig. 9. 


In Fig. 9, curves (i) . . . (iv) show {TiKVvl2y.q) plotted against for 

the following cases : 

(i) /(a?')=l, the constant source previously discussed. 

(ii) a linear law with a maximum at the front of the band 
and zero at the rear. 

(iii) f(3o')=q{l linear law with zero at the front of the band and a 

maximum at the rear. 

(iv) f{x')^3q{l^—x^)l(2l^), a parabolh^ law. 

K— October 7, 1943. 



af, c. 
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Tbe curves, though dlfferijog in shUipe, do hut diffor. umcii fn muxitutim or 
aven^ tempetatures, so it appears that the previouit results for ednstant sources 
should give results of the right order of niaguitude for any not too exti^e law 
of variation. 


1,'i. A case in which the vdocity of the source is not constant. 

There is no difficulty in treating cases in which the position of the centre 
<)f the source is a given function f(t) of the time ; the strength of the source 
(taken to be uniform over its area) may either be constant, another arbitrary 
function of the time, or, as in the most important practical case, proportional 
to the velocity, say Qf(t) per unit time per unit area. Any case can be treated 
by the appropriate integration of (1) or (2). 

As an example we determine the temperature at the centre of a band source 
which executes a simple type of relaxation oscillation. It has been suggested 
by Morgan, Muskat and Beed {loc. Wf.), and others, that the stick-slip behaviour 
observed by Bowden and Leben may be due to relaxation oscillations in which 
the kinetic friction is less than the static friction. The simplest possible problem 
of this type, neglecting damping and assuming constant coefficients of friction, 
ih the following : a mass m is held by force P against a plane which moves with 
velocity F, the coefficient of static friction is (x' and the coefficient of kinetic, 
friction is (x, u'> [x. Motion of the mass m parallel to the plane is resisted by a 
spring of stiffness mn^. 

We suppose the mass to be moving with the plane ; this will continue until 
its displacement is 

1x7" 

.Cj— ^ (5«) 

when it will c.ouun((U<‘(‘ t(» slip backwards. Taking this time a.s the origin of 
time the new motion is given by 

\ [xP 

with initial vel<M-ity T’' and initial displacement [I'PImn-. 

The <lis[dac«mient. in this niotion is 

[iP , (p'-fx)/’ , ,V . , 

\ — C cos nt f — sm vt 

mnr mil’ ii 

and tin* velocity is 

V cos nt - ‘ i sin 
mn 

This motion continues until the relative velocity is zero, wlien sliding 
oiiases ; this happens at time 

y ... H tan 1 (.57) 

* n n mnV 

when the displacement is 

(58) 

Kelative rest <?ontinue«t,Jor titm* 

* 

and the process repeats. 

As a numerical example, let p''~0'5., u^O-45, r=4(>0 gm., Fi=r0-006 
cm./sec., gm., « — 2,0(M)7 t, so that ii?,f*-*0'00ft9 cn>., afj»6-0079 em., 

Tj=x0*3.3 sec., Tj sec., dearly. 
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TboJi in tlie ylip region the displacement is approximately 

0 009+0 001 008 2,000nt, 0«<0 000r> (60) 

and this is followed by the long time of relative rest. 

Thus to determine the temperature flash during slip we have to study the 
temperature due to a source wdiose centre executes tli<» motion 
,» -ffl(l- cos n(), l) -.i<n/n ( 

-=2a , iy.Tzjn ) 

and in which th(> rate of lieat generation is Q{(lx/dt) ~Qan sin nt, jxsr unit time per 
unit area. 


For simplicity we determine the 1'em])eratnre at llie centre of a band source 
of length 2i, of this strength, and which has the motion (61 ) in the surface «— 0 
of a semi-infinite region with no loss of heat from the surfa<'e. If t<n/n. this 
is given by 


(^an 

'2tzK 



Qanyi 



sin nt'dt' 

~{t 



cos lit' ~~a cos nt ) 


<»rf 


^ - I \-a. cos at' —a cos nit 


while if tyizjn the lomperalure is 


Qany.^ 

'IK^ 



sin nViW 


\ I \ \ *f <*e.s at' 


(5l’f 


I \ a ■{ a (*,08 nf' 
! ix(?- r)l 


- } 
\ 


( 62 ) 


(63) 


In Fig. 10, curve 1 shows values of the temperature calculated from (62) 
and (63) for the case of a band source for wiiich 1 — O-OOl moving in mild steel, 
iC=0'144, x=0'173, its motion being given by (60), i.e. u— O-OOl, n.— 2,000Tt. 
the rate of heat generation per unit time per unit area is taken to be that for a 
square slider with Z =0-001, (x=0-45, P=400 gm. 

Curve II is the result wliich would be obtained by inserting the instantaneous 
velocity of the slider, namely, 2n sin 2,0007tt, in the steady state formula (13) 
for the band source, with X =0 ; this naturally gives values which are too high, 
but since the discrepancy is not large it appears that by using the steady state 
formulas in this way a fair approximation to the temperatures in non-steady 
motion may be obtained, provided the velocity is not too rapidly varying. 

It should be added that curve I does not represent the actual temperature 
flash for a square mild steel slider with 1=0-001 moving as in (60) on a mild 
steel surface, since (i) the whole of the heat generated has been assumed above 
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to be taken by the surface (i.e. «=1) while for the small values of Xr in question 
only about lialf will be, (ii) band source formulae have been used in the r^on 
of small L where they give higher values than those for the square source, (iii) the 
temi)erature at the centre of the band and not the average temperature has been 
calculated. The temperature flash for a square source with f =0*001 moving 
under the conditions above may be eximcted to be about J /5 of that shown in 
Fig. 10, curve T. 



Fig. 10. 

In conclusion I wish to thank Miss M. E. ('-larke for her assistance with tlie 
compntat ions. 

The University of Tasmania. 
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1. iNTRODl tTIO.X. 

Greasy wool invariably vontains vegotabh*, material and tin*, percentage of 
such vegetvible “ fault ”, as it is ternicd in the* trade, varies considerably from 
district to district and from scastui to season. In appraising wool it is necessary 
to take into consideration the atdual amount of ‘‘fault ” present and for this 
reason a convenumt method whereby it. can be determined is of ust». In the 
present paper a technique is described which fulfils this purpose and enables 
rapid and reasonably accurate routine estimations to be carried out on scoured 
wool samples. 

In commercial carbonising, the plant material is degraded to carbon by 
baking the ‘‘ faulty ” w'ool in the presenc'e of acid (usually sulphuric acid) and 
the carbon together with some wool is removed in sp(udally designed machines. 
The a])plication of this procedure to the laboratory ]»r(fscnts difficuilties in the 
removal of the carbonised vegetable material without loss of wool, the use of 
special machinery, or tedious liand picking. The loss in weight in wool would 
also affect the results and this loss varhis when dilTer(mt types of wool are treated. 
The method therefore is unsuitable and inconvenient for the accurat.(( routines 
estimation of veg<d.able matter in wool. 

Methods which depend upon the removal of the wool by caustic soda 8t>lution 
have not been found satisfactory as the v(igotable material suffers substantial 
losses in weight and on recovery is almost unrecognisable and usually covered 
with a gelatinous layer of undissolved protein. 

A useful procedure, for ascertaining the nature of the vegetabhi matter 
present in a sample of scoured wool is to immerse the sample in a liquid of t.lu! 
same refractive index as wool (e.g. orthodichlorbenzene). This renders th(» w'ool 
invisible and the contained vegetable matter is clearly brought to view. The 
establishment of a test of this type on a quantitative basis involving light, 
measjirements presents difficulties due to large variations in the physical, 
especially the visual, properties of the vegetable material present in the wool. 
This is clearly illustrated in Plate VH, wliich show's the difference in appearance, 
betw'een the same weights of some of the various burry materials found in wool. 
It can be seen from this that the solid Bathurst burr, if present in the wool and 
examined by a method of light measurement, would appear less than t he same 
weight of the lighter Trefoil burr or Khaki weed. An examination of this i)late 
also clearly indicates the difficulties associated with visual and manual estimation 
of the percentage of vegetable matter in wool. 

In developing the method described below, a study was made of the serious 
damage which occurs to wool when it is treated with hydrogen peroxide in the 
presence of certain metallic salts (a fact well known to most wool bleachers). 
Investigations along those linos revealed that the wool after degradation by such 
oxidising agents under certain conditions was readily soluble in dilute solutions 
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of sodium carbonate and certain other alkalis. From the solution so obtained 
the contaminating vegetable material could be readily separated by simple 
filtration. 


II. Dkhc'Kip'J'ion ok thk MKTHOJ). 

All chemicals used were ('.P. quality with the excei)t.hm of the hydrogen 
peroxide, which was prepare*! by dilution of the commjircial (100 vol.) product, 

A 20-i30 gm. sample of scoured wool (-.ontaining vegetable mat ter is immersed 
in a solution consisting of .500 c<5S. of 0 per cent, hydrogen pt^ruxide, 26 ccs. of 
.5 ]ier cent , copper sulphate and H ccs. of 5 per cent, sodium bicarbonate. Th«‘, 
wool is thoroughly wette<l at room temperature with the solution, which is 
I hen raised to the boil by heating for 6 minutes with stirring. Boiling is continued 
for 2 minutes with stirring and tlu* wool, which is considerably degraded and 
now appears brownish in celour, is removed from the solution, squeezed and 
washed with water. It is then opened out by hand and placed in 600 ccs. of 
1 per cent, solution of sodium carbonate (anhydrous) maintained at 96-100' V. 
and stirred for 2 minutes. This procedure completely dissolves the wool and 
the intact vegetable matter is left, behind. The latter is removed by means of 
a 40 mesh sieve* washed thoroughly imder running water, dried and weighed. 

111 . Discussion. 

The initial degradation of the wool by means of hydrogen peroxide, as 
s[)ecified above, has been found to <lepen<l considerably upon the pH valiut of 
t.he solution. Figures illustrating this fact are recorded in Table 1 , whicli shows 
tlie losses in weight occurring at different pH values as determined by the glass 
*dectrode method. The experiments were carried out as described above with 
variations in the amount of sodium bicarbonate solution used. The ov«m dr.\' 
weight of w’ool w^as determined b<iforc and aftiu each treatimnil an<l t he pcsrciurtagc, 
lose in weight was then calculated. 

Table 1. 


Effect of pH OH the Peroxide Treatment of WooL 


Amount of 

5 per cent. 
NaHCOa Solution* 

(CC.8.) 

( pH Value. 

i 

Losh in Weight. 
(Per Cent.) 

0 

2*5 

21*2 

5 

3-9 

260 

8 

4*2 

1 410 

12 

4-6 

37*3 

15 

4*9 ' 

30*9 


25 58 23-2 


The figures in Table 1 show (hat for best results the pH value of the soluti<»u 
should be within the range 4 •9-4 -6. The optimum effect is at pH 4*2, where 
the wool is considerably degraded and if dried can be powdered with ease. 

Owing to variations in the pH >alue of commercial hydrogen T>eroxidc it 
may be necessary to add a sliglitly different amount of sodium bicarbonate from 

* size has aatisfactorily ooUeoted the usual type of burry material. An 80 mesh sieve 
tv required for very fine grass seed. v . 
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that Hpecitied iu order to obtain the optiiiiiun pfl value. A ui^tdiil indication of 
the latter is when a brown precipitate (probably copp<(r oxide) just forin,s and 
does not re-dissolve on shaking the solution. 

It has been found that there is no noticeable change in appearance of 
vegetable matter when recovered by the above method. There is, however, a 
loss in weight during recovery for whi.ch due allowance must be made in calculat- 
ing the final results. Table 2 contains the percentage recoveries obtained when 
the jnethod was applied to known weights of the common types of vegetable 
material introduced into wool which was burr free. (The latter was obtaim^l 
from a dry combe«i «0’s top.) 


Tabi.k 2. 

Recomries of Vegetable Material. 


Type of Vegetable Material. | Recovery (Per cent.). 


Noogoora burr {Xanthium chinenae) . iKi 

King burr (Queensland) (8i<kt plaiifcxthjx) j 96 

Bathurst burr [Xanthium apinoaum) . . 94-9o 

Basket or barrel clover (MeiUcago trunxatula) \ 92 

Straw (Triticum vulgare) . . . . . j 81 90 

Trefoil clover (Medicago hiapida dentieulata) ' 80-89 

Cut leaf clover (Medicago laciniata) . . | 83 

Small trefoil clover (Medicago rnimma) . 78-83 

Barley grass (Hordeum murinum) . . ; 71 80 

Twigs (probably of Eucalyptua spp.) . . 78-85 

Saf&on thistle (Carthanma lanntua) . . 78 

Shive (Ariatida spp.) .. 68-74 

^ubii^rreincianvlover (TrifoHum aubterraneum) 69 73 

Khaki weed (Alter rumthera eehinata) .. 71 

Corkscrew grass (E radium eygnorum) .. 69-71 


It can be .soon that these reciovery (igun'.s fall witliiu a narrow range for 
each type, and they can therefore be use<l t.o deduce certain factors which are 
applied in the working out. of results. Kor eonv<mieuce the veg(dable material 
has be(‘.u <livided into three major grou])s which are most common in .Vustralian 
fleeces, and tin* results are corrected according to. the. nature of thc! recovered 
vegetable matter. The first group contains the hard Noogoora and Bathurst 
burrs, factor I -05. The next grou]) contains the Trefoil clover burrs, factor 
1-18. Th(f third group contains the liiuf grass seeds and shiv(5, factor l--ld. 
In each instanc.(( the dry weight of rec,overed vfiget.able matctrial is multiplied 
by the appropriate factor and the final result, is usually exj)ress(ul to the nearest 
0-5 per cent. (Generally it is found that one of the above three groups will 
predominate in the vegetable material recovered from each scoured fleece 
sample. Occasionally there ar(( mixt.ures and the factor may b(» altered 
accordingly, but slight variations in its value will not seriously affect the final 
result as the burr is usually pres<mf as a minor percentag<^ in the wool-burr 
mixture. 


IV. OoNorur.sioN. 

A method has been developed and adopted as a laboratory routine for 
estimating the percentage of vegetable matitrial in wool. The method possesses 
the advantages of speed and ease of manipulation without the us<‘i of any special 
mechanical apparatus. The usual time r<u|uired to removi* c(»m|»l(dely thc 
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iiiaterM from tlio wool ix about X2 miuiitox, and one laburator^v 
m)rkur can convoniently carry out about 20 coraplott> analyxeM per day. 

Prelimmary oxperimenta have shown that the method should also be 
applicable to the detenuination of cotton in cotton and wool mixtures and itx 
use for removing wool from mixtures with other fibres is also being investigated. 
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Explanation op I^ate VII. 

Bliowiug the relative appearances of 20 gni of — 

1. Bathurst burr {Xanthium aptnoman). 

2. Trefoil clover {Medieago h%apida denUcuUUa). 

3 Small Trefoil clover (Mechcago imnuna). 

4 Khaki weed {AUernanthera echmata). 
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